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Abstract 


AD _ Accession _ ■ 

Firestone  Tire  and  Rubber  Co.,  Akron,  Ohio 
Design  and  Testing  of  29.5-25  tires  for 
16  ton  Goer  Vehicle  -  T.  J.  Lonson,  E.  S.  Sites 
December,  1963  -  pp  -  illus  -  tables 

Contract  No.  DA- 33-01 9-ORD- 3478 
D/A  Project  No.  546-09-036 
Unclassified  Report 

Earthmoving  tires  were  specifically  developed  for  use  on  the  Goer  vehicle. 
This  development  work  included  the  design  of  various  tread  configurations 
and  use  of  maximum  feasible  synthetic  content.  Tires  were  produced  in 
three  different  tread  designs,  and  two  different  levels  of  synthetic 
content.  These  tires  were  then  tested  for  running  temperature,  traction, 
and  mobility.  Durability  tests  of  40$  highway,  40$  secondary  roads, 
and  20$  cross  country  were  conducted.  These  tests  showed  that  tires 
could  be  produced  to  provide  at  least  15,000  miles  without  any  premature 
failures  for  this  type  of  service. 
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OBJECT 


The  object  of  the  original  contract  dated  30  September  1960  was 
to  design  and  develop  29.5-25  16  ply  rating  tubeless  tires  to  provide 
optimum  performance  when  used  on  the  Goer  vehicle.  It  was  also  desired 
to  attain  these  goals  while  using  the  maximum  feasible  synthetic  content. 

Subsequent  modifications  (l— 7)  from  June,  1961  through  January,  1963 
called  for: 

1.  Non-destructive  drum  testing. 

2.  Temperature  testing  in  continuous  highway  service. 

3.  Traction  testing  in  various  soils. 

4.  Durability  testing  on  paved  (4Q#)  and  secondary  (4050  roads 
and  off-highway  terrain  (20#). 
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Conclusions t 


1.  We  found  that  it  was  possible  to  produce  tires  more  suited 

to  the  requirements  of  the  Goer  vehicle  than  any  commercially 
available  tire*  The  major  areas  of  improvement  includes  the 
capacity  for  continuous  highway  operation  and  improved 
performance  in  mud.  The  three  designs  developed  are  shoyrn 
in  figures  1-4. 

Figure  1  -  Super  Ground  Grip  Goer 

Figure  2  -  Super  Ground  Grip  Goer  (Grooved) 

Figure  3  -  ND-CC  Goer 

2.  Maximum  synthetic  content  of  the  29.5-25  SGG  Goer  was  found 
to  be  50$  of  the  polymer  used.  The  maximum  synthetic  content 

was  determined  by  an  evaluation  of  compound  properties  considering 
separation  resistance  and  wear,  cut,  chip  and  tear  resistance, 
as  determined  through  the  specific  tests  performed  during  the 
term  of  this  contract  and  its  modifications.  However,  certain 
inherent  deficiencies  from  increasing  synthetic  (relative  to 
natural  rubber  which  is  being  replaced)  in  larger  Off-The-Road 
type  tires,  should  be  recognized. 

These  are* 

A.  Higher  Heat  Build-Up 

To  use  synthetic  in  the  tread  of  the  tire,  it  was  found 
necessary  to  incorporate  a  cooler-running,  high-natural- 
rubber-content  compound  in  the  tread  base  under  an  all¬ 
synthetic  tread  cap  compound,  in  order  to  lower  the  tire 
temperature  in  the  critical  separation  area  on  top  of  the 
tire  carcass. 

B.  Poor  Crack  or  Cut  Initiation  and  Growth 

This  deficiency  manifested  itself  quite  markedly  during 
the  durability  testing.  As  a  result  of  these  tests, 
compound  modifications  were  made  in  the  all-synthetic 
tread  cap  stock  to  improve  upon  this  property  for  future 
Goer  tires. 

C.  Lower  Resistance  to  Chip  and  Tear 

Although  the  all-synthetic  tread  cap  has  been  compounded 
to  obtain  the  maximum  cut,  chip  and  tear  resistance,  with¬ 
out  sacrificing  other  properties,  there  is  an  inherent 
lower  resistance  relative  to  natural  rubber,  for  Off-The- 
Road  type  service,  which  compromises  the  overall  performance 
of  the  tire.  The  exterior  compounds  of  the  tire  (i.e. 
the  tread  and  sidewall)  have  adequate  protection  against 
atmospheric  deterioration  and  good  low  temperature 
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Firestone 


Super  Ground  Grip  Goer 
Directional 


Figure  1 


Firestone 


Super  Ground  Grip  Goer 
(with  grooves) 

Directional 


Figure  2 


Firestone 
ND-CC  Goer 
Non-directional 


Figure  3 


Head-on  view  of  the  three  test  designs 
From  left  to  right- 


Super  Ground  Grip  Goer 

Super  Ground  Grip  Goer  (with  grooves) 

ND-CC  Goer 


Figure  4 


flexibility  as  a  result  of  the  particular  blend  of  synthetic 
polymers  used. 

Use  of  the  protective  coatings  described  under  Tire  Compounding 
markedly  enhances  the  tires'  exterior  compounds'  resistance 
to  atmospheric  deterioration. 

3.  Of  the  three  designs  developed  for  this  contract,  the  best  design 
for  optium  performance,  as  determined  by  these  tests,  was  the 
Super  Ground  Grip  Goer  tire  with  the  grooved  tread  bars.  This 
was  the  only  tire  of  the  three  which  would  operate  at  a 
sufficiently  low  temperature  to  allow  use  of  the  maximum 
synthetic  rubber  construction  and  still  permit  continuous 
highway  operation.  This  design,  with  or  without  the  tread 
grooves,  is  approximately  three  times  as  effective  in  deep  mud 

as  the  ND-CC  Goer  design.  The  ND-CC  tire  was  approximately  10 
to  15#  more  effective  for  drawbar  pull  on  non-compressible 
surfaces  and  compressible  soil.  There  was  little  difference  in 
the  sand  performance  of  any  of  fhese  designs.  Our  selection 
of  the  grooved  Super  Ground  Grip  Goer  tire  as  the  optimum  was 
based  on  the  premise  that  the  prime  requirement  of  these  tires 
was  the  ability  to  operate  continuously  in  highway  service  and 
provide  maximum  performance  in  mud. 

4.  Shown  below  is  a  table  which  summarizes  the  information  obtained 
from  the  durability  phase  of  the  testing.  The  significant 
factors  are  that  no  tires  were  removed  due  to  any  type  of 
premature  failure.  Also,  the  tires  with  the  synthetic  tread 
had  a  wear  rating  double  that  of  the  natural  rubber  tires. 

TABLE  -  DURABILITY  TEST  SUMMARY 


TYPE 

SGG  GOER 
(GROOVED) 

SGG  GOER 
(GROOVED) 

ND-CC  GOER 

Compounding 

Natural  Rubber 

Synthetic  Rubber 

Natural  Rubber 

Average  Test 

Miles  Per  Tire 
Sample 

10,022 

15,040 

7,509 

Reason  for  Removal 

Worn  Smooth 

Worn  Smooth 

Test  Terminated 

Durability  Rating 

100 

150 

Not  Available 

Tread  Wear,  Average 
Miles/mil.  (l) 

6.1 

12.2 

16.3 

Tread  Wear  Rating 

100 

200 

267 

(l)  See  pp.  19-20  of  Final  Report,  Durability  Testing  -  Summary 
of  Tire  Tread  Wear 
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It  cart  be  concluded  from  this  testing  that  the  Super  Ground 
Grip  Goer  (grooved)  tire  with  the  natural  rubber  construction 
will  not  provide  the  desired  15,000  mile  durability;  however, 
through  use  of  a  synthetic  construction,  this  level  can  be 
achieved.  The  ND-CC  Goer  design  should  provide  approximately 
20  to  25,000  miles  with  the  natural  rubber  construction  used, 
and  could  possibly  double  this  figure  by  using  the  same 
synthetic  compounds  used  in  this  test.  It  must  be  remembered 
that  we  are  limited  by  the  operating  temperatures  also. 


Recommendations 


1.  Since  no  one  design  tested  was  clearly  superior  in  all  of 

the  categories  evaluated,  it  would  seem  that  there  is  probably 
some  design  that  would  provide  better  overall  performance  than 
either  of  the  three  designs  tested.  It  is  our  recommendation 
that  additional  testing  be  conducted  to  evaluate  other  design 
variations  that  would  improve  the  mobility  of  the  Goer  vehicle. 

2.  This  contract  was  limited  to  a  tread  design  and  compounding 
evaluation.  It  would  also  be  beneficial  to  conduct  tests  in  an 
attempt  to  evaluate  the  effects  of  various  types  of  carcass 
constructions. 

3.  Use  compound  modifications  to  the  all-synthetic  tread  cap 
compound  referred  to  under  conclusion  #2  and  under  Tire 
Compounding,  section  B-l.  These  modifications  were  incorporated 
into  the  tires  being  fabricated  for  the  European  Troop  Tests 

to  be  conducted  in  the  spring  of  1964. 

4.  Use  tire  protective  Coating  A  referred  to  under  Tire  Compounding, 
section  A-5.  This  coating  has  been  used  on  all  Goer  tires 
manufactured  by  Firestone. 

5.  In  view  of  the  promising  performance  of  the  high-percentage- 
synthetic  compounds  in  these  tires,  in  service  where  natural 
rubber  is  normally  used,  continued  compounding  studies  should 
be  conducted  to  improve  upon  the  overall  performance 
characteristics  of  the  high-synthetic -bearing  compounds. 


Background 


Prior  to  this  development  contract*  special  tires  were  produced  in 
existing  commercial  molds  and  supplied  for  use  on  the  first  four  Goer 
vehicles.  Design  features  of  these  tires  were  aimed  primarily  at 
maximum  traction  and  continuous  highway  operation. 

These  tires  performed  fairly  well*  but  a  need  was  recognized  for 
tires  designed  specifically  for  Goer  vehicle-type  service.' 

Subsequently*  this  contract  called  for  production  of  four  tires  of 
each  of  three  different  designs.  In  addition,  tires  were  to  be  produced 
with  the  maximum  feasible  synthetic  content.  In  order  to  test  these  various 
characteristics*  the  following  five  tire  specifications  were  issued  and 
the  corresponding  tires  produced: 


Serial 

Type 

No.  Tires 

#  Synthetic 

K12500 

SGG  Goer 

2 

11# 

K12600 

SGG  Goer 

2 

52# 

K12700 

SGG  Goer  with  grooves 

4 

13# 

K12800 

ND-CC  Goer 

2 

14# 

K12900 

ND-CC  Goer 

2 

56# 

Modification  1  dated  22  June  1961  called  for  one  of  each  of  these 
tires  to  be  tested  on  an  indoor  laboratory  drum  to  provide  a  temperature 

comparison. 

Modification  3  dated  20  September  added  on-vehicle  testing  which 
would  include  an  evaluation  of  these  tires  for  continuous  highway 
operation*  mud*  sand*  drawbar  pull*  slopes*  and  maneuverability.  These 
tests  were  subcontracted  to  Le-Tourneau-Westinghouse  with  AT AC  approval. 
They  conducted  the  highway  temperature  comparison  and  the  mud  tests  but 
the  drawbar- pull  tests  in  sand,  non-compressible  surface*  and  compressible 
soil  were  subcontracted  by  them  to  Nevada  Automotive  Test  Center,  Carson 
City*  Nevada. 

Modification  No.  7  added  a  20,000  mile  durability  test  and  twelve 
additional  tires  were  supplied.  Six  of  these  were  control  tires  in  the 
Super  Ground  Grip  Goer  (with  grooves)  design  with  standard  earthmover  tire 
construction  and  compounding  (natural  rubber)  features.  The  remaining  six 
tires  were  the  same  except  that  the  maximum  possible  synthetic  rubber 
content  was  used. 

In  addition  five  tires  in  the  ND-CC  Goer  design  were  purchased  under 
contract  number  DA-20-089-DRD-40018.  These  tires  were  used  as  replacements 
for  the  durability  test.  Four  of  these  tires  attained  7500.  miles  before 
the  20*000  mile  test  limit  was  reached. 


7 


Mold  Design  and  Tire  Construction  Development 


The  design  of  the  tires  for  the  16  ton  Goer  vehicle  requires 
consideration  of  the  following  criteria: 

1.  Gross  Vehicle  Weight  -  64,000  Lbs. 

4  Tires 

58#  of  load  on  front  axle 
42#  of  load  on  rear  axle 

2.  Speed  -  Maximum  over  30  MPH 

Cruise  at  20  MPH 
Water  at  4  MPH 

3.  Roadability  -  Capable  of  long  sustained  hauls. 

4.  Traction  -  Maximum  in  mud. 

5.  Flotation  -  Good  in  all  soils  (mud  and  sand). 

6.  Minimum  vehicle. 

Ground  Clearance  -  30" 

7.  Ozone  Resistance  -  Equivalent  ot  standard  military 

specification  requirements. 

8.  Compounding  -  Maximum  feasible  synthetic  content. 

9.  Durability  -  25,000  miles. 

From  the  above  data,  the  29.5-25  size  was  selected  as  the  optimum 
tire  for  use  on  this  vehicle.  This  will  provide  the  load  carrying 
capacity  and  ground  clearance  required,  and  this  wide  base  profile  will 
provide  maximum  flotation  and  traction. 

After  the  size  selection  was  finalized,  it  was  necessary  to  arrive 
at  the  best  possible  tread  configurations.  It  was  originally  decided 
to  bring  in  one  tire  mold  with  three  separate  tread  rings}  however,  upon 
consideration  of  factory  production  engineers,  it  was  decided  to  fabricate 
two  unicast  molds  rather  than  one.  Although  this  increased  the  cost  over 
the  original  estimate,  the  advantages  provided  both  the  contractor  and 
the  customer  decisively  outweighed  the  additional  cost  to  the  contractor. 

The  three  tread  designs  selected  were: 

1.  Super  Ground  Grip  Goer  (maximum  traction)  See  figure  1 

2.  Super  Ground  Grip  Goer  with  grooves  (modified  maximum 
traction).  See  figure  2. 

3.  ND-CC  Goer.  See  figure  3 
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The  Super  Ground  Grip  Goer  design  was  similar  to  our  own  commercially 
proven  Super  Ground  Grip  WB  tire.  The  purpose  of  the  tread  grooves  in 
the  modified  tire  was  to  reduce  the  tire  operating  temperature.  Prior 
experience  indicated  that  this  would  reduce  tire  operating  temperatures 
by  approximately  15°F. 

Design  dimensions  for  the  ND-CC  Goer  were  based  on  Tire  and  Rim 
Association  limits  and  design  criteria  in  MIL-T-12459A  for  cross  country 
type  tires. 

Shown  below  is  an  evaluation  of  the  performance  characteristics 
which  we  felt  could  be  expected  from  these  three  designs* 


Super  Ground 


Super  Ground 
GriD  Goer 

Grip  Goer 
(with  Grooves) 

ND-CC  Goer 

Directional 

Yes 

Yes 

No 

Mud  Traction 

Excellent 

Excellent 

Good 

Sand 

Good 

Good 

Good 

Highway  Roadability 

Fair 

Fair 

Fair 

High  Speed 

Good 

Excellent 

Good 

Continuous  Operation 

Wear  Resistance 

Good 

Good 

Good 

Cut  Resistance 

Fair 

Fair 

Fair 

In  order  to  carry  the  required  load  and  yet  have  the  lightest 
possible  construction,  a  16  ply  rating  construction  was  chosen  as  the 
optimum.  The  load  rating  for  this  tire  is  17,190  pounds  at  25  psi 
inflation  for  intermittent  operation  and  14,520  pounds  at  30  psi  for 
continuous  highway  operation.  The  weight  of  these  tires  is  approximately 
800  pounds. 

The  carcass  construction  utilized  840/2  nylon  with  a  tensile  of  30 
pounds  per  cord.  These  twelve  tires  were  of  twin  bead  construction,  14 
actual  plies,  and  two  tread  plies.  They  also  had  an  under  base  of  .45”. 
All  other  features  were  standard  production  items  with  the  exception  of 
the  compounding. 


TIRE  COMPOUNDING 


A. 


ORIGINAL  CONTRACT 

1.  BASIC  REQUIREMENTS  FOR  GOER  TIRE  COMPOUNDS 

1.  COMPOUND  STOCK  WITH  MAXIMUM  SYNTHETIC  CONTENT 

2.  COMPOUND  STOCKS  FOR  PROTECTION  AGAINST  ATMOSPHERIC 
DETERIORATION 

3.  COMPOUND  PROTECTIVE  COATING  TO  COMPARE  WITH  { 2 ) 

4.  COMPOUND:  BEST  COMPROMISE  BETWEEN  COOL  RUNNING  TIRE  AND 
CUT,  CHIP  AND  WEAR  RESISTANT  TREAD  AND  SIDEWALL 
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COMPOUNDS  SELECTED  FOR  FABRICATION  OF  TIRES 


TIRE  IDENTIFICATION 


29.5-25  16  Pl-V  TUHPT-ESS 


SERIAL 

COMPOUND 

%  OF  POLYMER 

NO.  OF 

IDENTIFICATION 

LINE-UP 

AS  SYNTHETIC 

TIRES 

SURER  GROUND 

GRIP  GOER 

K12500 

1 

11 

2 

MAXIMUM  TRACTION 
DESIGN 

K12600 

II 

52 

2 

SUPER  GROUND 

GRIP  GOER 

MODIFIED  MAXIMUM 
TRACTION  DESIGN 

K12700 

I 

13 

4 

ND-CC  GOER  DESIGN 

K12800 

I 

14 

2 

K12900 

III 

56 

2 

3.  COMPOUND  DESIGN 


COMPOUND  LINE  UP  I 


Compound  Line  Up  I  with  11  to  14#  of  the  polymer  as  synthetic 
(depending  on  weight  distribution  of  tire  components)  is  the  least 
deviation  from  standard  Off-The-Road  Tire  Compounding. 

This  Line  Up  features  an  all  natural  rubber  tread  with  superior 
cut  and  tear  resistance.  The  tread  is  specially  compounded  for  cool 
running  and  resistance  to  atmospheric  deterioration. 

The  sidewall  is  compounded  from  a  polymer  blend  of  50#  Neoprene 
and  50#  natural  rubber ,  and  is  extremely  resistant  to  atmospheric 
deterioration. 

The  outer  body  is  compounded  from  all  natural  rubber.  It  is  cool 
running  and  furnishes  maximum  tear  and  heat  resistance. 

25#  of  the  polymer  as  Diene  and  75#  natural  rubber  is  the  feature 
of  the  inner  body.  It  is  cool  running  and  heat  resistant. 

The  innerliner  is  compounded  with  70#  of  the  polymer  as  chlorobutyl 
and  30#  natural  rubber.  Excellent  heat  resistance  and  impermeability 
to  air  are  its  features.  One-half  as  much  air  is  transmitted  at  176°F 
and  75  psi  through  this  type  innerliner  than  through  an  all  natural 
rubber  innerliner. 


COMPOUND  LINE  UP  II 


Compound  Line  Up  II  with  52#  of  the  polymer  as  synthetic  is  a  greater 
departure  from  standard  compounding.  Its  tread  polymer  is  100#  Isoprene 
specially  compounded  for  best  compromise  between  cool  running  and  resistance 
to  weary  tear  and  atmospheric  deterioration. 

The  sidewall,  compounded  from  50#  Isoprene  and  50#  natural  rubber,  is 
tear,  cut  and  atmospheric  deterioration  resistant. 

The  same  compound  features  as  Line  Up  I  are  used  in  the  remainder 
of  the  tire. 


COMPOUND  LINE  UP  III 


Compound  Line  Up  III,  with  56#  of  the  polymer  as  synthetic,  features 
tread  and  sidewall  compounds  with  all  of  the  polymer  as  oil  extended  FRS, 
specially  compounded  for  resistance  to  atmospheric  deterioration. 

The  tread  and  sidewall  are  also  compounded  for  cool  running  and  cut 
and  tear  resistance. 

Isoprene  as  25#  and  natural  rubber  as  75#  of  the  polymer  is  the  feature 
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of  the  outer  body.  The  outer  body  is  compounded  for  cool  runnlngt 
and  heat  and  tear  resistance. 

The  remaining  compounds  are  the  same  as  Line  Up  II  and  III. 
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4.  COMPOUND  PROPERTIES 


TREAD 

Compound  Line  Ups 

I 

II 

III 

Tire  Identification  Serials 

K1 2500, K1 2700 
K12800 

K12600 

K12900 

Formulations 

100  NR 

100  Isoprene 

131  FR 

Normal  (70°F)  Stress-Strain 

Tensile^  psi 

4175 

3025 

3075 

30095  Modulus^  psi 

1750 

1625 

825 

Elongation*  % 

540 

480 

675 

Tensile  0  275°F 

Tensile,  psi 

1100 

625 

700 

Elongation,  % 

320 

210 

340 

Normal  (70°F)  Tensile 

After  2  Days  ft  212°F 

Tensile,  psi 

2250 

1275 

2675 

Elongation,  % 

250 

185 

465 

Firestone  Flexometer 

Running  Temp.,  °F 

226 

240 

275 

Deflection,  % 

15.3 

16.7 

20.7 

Shore  "A"  Hardness 

64 

63 

62 

Rina  Tear 

Normal-70°F,  lb/in 

800 

500 

525 

-212°F,  lb/in 

300 

200 

275 

Brittle  Point 

ASTM  D746-57T,  °F 

-63 

-60 

-45 
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4.  COMPOUND  PROPERTIES 


SIDEWALL 

Compound  Line  Up: 

I 

II 

III 

Tire  Identification  Serials 

K1 2500, K1 2700, 
K12800 

K12600 

K12900 

Formulation: 

50  NR 

50  NR 

131  FR. 

50  Neoprene 

50  Isoprene 

Normal  (70°F)  Stress-Strain 

Tensile,  psi 

3175 

3725 

3000 

300$  Modulus,  psi 

900 

975 

500 

Elongation,  % 

640 

635 

765 

Tensile  9  275°F. 

Tensile,  psi 

700 

700 

400 

Elongation,  % 

350 

360 

270 

Normal  (70°F)  Tensile 

After  2  Da vs  9  212°F 

Tensile,  psi 

1975 

1025 

2575 

Elongation,  % 

405 

265 

570 

Firestone  Flexometer 

Running  Temp.,  °F 

203 

201 

246 

Deflection,  % 

26.7 

20.0 

24.7 

Shore  MA”  Hardness 

50 

"57 

57 

Rina  Tear 

Normal -70°F,  lb/in 

325 

575 

400 

-2I2°F,  Ib/in 

100 

225 

175 

Brittle  Point 

ASTM  D746-57T,  ®F 

-71 

-53 

-45 

123 
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4.  COMPOUND  PROPERTIES 


Compound  Line  Up: 

I 

II 

III 

I, II, III 

Formulation:  Outer  Bodv 

Outer  Bodv 

Outer  Bodv 

Inner  Bodv 

100  NR 

100  NR 

75  NR 

75  NR 

25  Isoprene 

25  Diene 

Normal  (70°F)  Stress-Strain 

Tensile,  psi 

4125 

4100 

3975 

2900 

30036  Modulus,  psi 

1200 

925 

875 

800 

Elongation,  % 

600 

670 

685 

580 

Tensile  ©  275°F. 

Tensile,  psi 

1250 

1250 

1025 

475 

Elongation,  % 

520 

630 

540 

220 

Normal  (70°F)  Tensile 
After  2  Davs  ©  212°F 

Tensile,  psi 

2050 

1675 

1925 

1525 

Elongation,  % 

375 

390 

425 

405 

Firestone  Flexometer 

Running  Temp.,  °F 

189, 

184 

188 

132 

Deflection,  % 

23.3 

24.7 

26.0 

20.7 

Shore  "A"  Hardness 

52 

51 

49 

54 

Rina  Tear 

Norma 1-70°F,  lb/in 

550 

850 

550 

200 

-212°F,  lb/in 

300 

350 

325 

125 

Brittle  Point 

ASTM  D746-57T,  °F 

-69 

-67 

-63 

-66 

17 


4.  COMPOUND  PROPERTIES 


REMAINDER  OF  COMPOUNDS 

Innerliner,  Bead  Insulation,  Bead  Cover,  Bead  Filler,  Chafer 
and  Abrasion  Gum  Strip  compounds  are  all  standard  Firestone 
compounds. 
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5.  PROTECTION  FROM  ATMOSPHERIC  DETERIORATION 


COMPOUND  PROTECTION 

Tread  and  sidewall  compounds  feature  standard  Firestone  Off-The-Road 
antiozonants  for  maximum  resistance  to  atmospheric  deterioration. 

The  oil  extended  FR-S  tread  and  sidewall,  and  the  Neoprene/natural 
rubber  sidewall  are  superior  to  the  Standard  Military  Control  for 
accelerated  weathering  in  the  Firestone  Weatherometer. 

The  natural  rubber  and  Isoprene  treads,  and  the  natural  rubber/ 
Isoprene  sidewall,  while  somewhat  inferior  to  the  Standard  Military 
Control  for  accelerated  conditions,  are  expected  to  be  well  protected 
for  normal  operations. 

Comparisons  of  tread  and  sidewall  compounds  and  the  Standard  Military 
Control  were  made  in  the  Firestone  Weatherometer  under  the  following 
conditions: 

1.  60  parts  per  100  million  of  Ozone  -  40  hrs.  exposure-static  - 
100°F.  -  pre-aged  3  days  at  158°F  -  12fc%  elongation 

2.  Same  as  above  except  dynamic  (10  min.  flex  -  50  min.  static 
per  hour)  and  strips  not  pre-aged 

3.  Same  as  (l)  above  except  exposure  at  40°F. 

Photographs  of  results  are  on  the  following  pages. 
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FIRESTONE  WEltTH E R OME TER 
60  PPHM  OZONE,  40  HOURS,  DYNAMIC,  100CF 

TREAD  COMPOUNDS 


STANDARD  MILITARY  CONTROL 


COMPOUND  LINE  UP  I 
TIRE  SERIALS  K12500,  K12700,  K12800 


COMPOUND  LINE  UP  II 
TIRE  SERIALS  K12600 


COMPOUND  LINE  UP  III 
TIRE  SERIALS  K12900 


FIRESTONE  WEATHER OMETEff  - 
60  PPHM  OZONE,  hO  HOURS,  STATIC,  100°F 

AGED  3  DAYS  AT  158°F 


COMPOUND  LINE  UP  I 
TIRE  SERIALS  K12500,  K12?00,  K12800 


COMPOUND  LINE  UP  III 
TIRE  SERIALS  K12900 


FIRESTONE  WEATHEROMSTER 
60  PPHM  OZONE,  4-0  HOURS,  STATIC,  4o°F 

-  AGED  3  DAYS  AT  158°F 
TREAD  COMPOUNDS 


STANDARD  MILITARY  CONTROL 


COMPOUND  LINE  UP  I 
TIRE  SERIALS  K12500,  K12700,  K12800 


COMPOUND  LINE  UP  II 
TIRE  SERIALS  K12600 


COMPOUND  LINE  UP  III 
TIRE  SERIALS  K12900 


FIRESTONE  WEATHEROMETER 
60  PPHM  OZONE,  40  HOURS,  DYNAMIC,  100°F 

SIDEWALL  COMPOUNDS 


COMPOUND  LINE  UP  II 
TIRE  SERIALS  K12600 


COMPOUND  LINE  UP  III 
TIRE  SERIALS  K12900 


100°? 


FIRESTONE  WEATK3R0METER 
60  PPHM  OZONE,  40  HOURS,  STATIC 

AGED  3  DAYS  AT  158°F 
SIDEWALL  COMPOUNDS 


COMPOUND  LINE  UP  I 
TIRE  SERIALS  K12?00,  K12?00,  K12800 


COMPOUND  LINE  UP  II 
TIRE  SERIALS  K12600 


COMPOUND  LINE  UP  III 
TIRE  SERIALS  K12900 


FIRESTONE  WKATH3R0MKTER 
60  PPHM  OZONE,  40  HOURS,  STATIC,  40°F 

AGED  3  DAYS  AT  ]58°F 
SIDEWALL  COMPOUNDS 


STANDARD  MILITARY  CONTROL 


COMPOUND  LINE  UP  I 
TIRE  SERIALS  K1250D,  K12?00,  K12800 


COMPOUND  LINE  UP  II 
TIRE  SERIALS  K12600 


COMPOUND  LINE  UP  III 
TIRE  SERIALS  K12900 


6.  PROTECTION  FROM  ATMOSPHERIC  DETERIORATION 


PROTECTIVE  COATINGS 

From  previous  experience  and  studies  during  the  period  of  this 
contract*  the  following  two  coatings  were  selected  as  the  most  practical. 

A.  Firestone  protective  coating  based  on  N,  N" -dioctyl - 
p-phenylene  diamine. 

B.  Firestone  protective  coating  based  on  Hypalon. 

Coating  A  protects  against  atmospheric  deterioration  by  depositing 
a  layer  of  antiozonant  which  is  absorbed  into  the  surface  of  the  tire. 

Coating  B  protects  against  atmospheric  deterioration  by  depositing 
a  tough,  clinging,  elastic,  protective  film  on  the  surface  of  the  tire. 

These  coatings  are  very  effective,  but  have  the  deficiency  typical 
of  coatings  in  that  severe  weathering  occurs  where  the  film  is  broken 
or  not  continuous,  as  shown  in  the  photographs. 

Comparisons  of  accelerated  weathering,  in  the  Firestone  Weatherometer, 
of  these  coatings  on  the  natural  rubber  tread  (Line  Up  I),  the  Isoprene 
tread  (Line  Up  II),  and  the  natural  rubber/lsoprene  sidewall  (Line  Up  II) 
are  shown  in  the  attached  photographs. 

Tes^  conditions  are  the  same  as  those  described  under  Compound 
Protection. 
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FIRESTONE  W3ATKEROMETER 
60  PPKM  OZONE,  40  HOURS,  DYNAMIC  100  °F 

TREAD  COMPOUNDS 


STANDARD  MILITARY  CONTROL 


TIRE  SERIALS  K12500,  K12?00,  K12800 


COMPOUND  LINE  UP  I  -  COATING  B 
TIRE  SERIALS  K12500,  K12700,  K12800 


COMPOUND  LINS  UP  II  -  COATING  A 
TIRE  SERIALS  K12600 


STANDARD  MILITARY  CONTROL 


COMPOUND  LINE  UP  I  -  COATING  B 
TIRE  SERIALS  K12500,  K12?00,  K12800 


COMPOUND  LINE  UP  II  -  COATING  A 
TIRE  SERIALS  K12600 


COMPOUND  LINE  UP  II  -  COATING  B 


FIRESTONE  W S A TH SR CM S  T  SR 
60  PPHM  OZONE,  40  HOURS,  STATIC,  40 

AGED  3  DAYS  AT  1^8°F 
TREAD  COMPOUNDS 


STANDARD  MILITARY  CONTROL 


COMPOUND  LINE  UP  I  -  COATING  A 
TIRE  SERIALS  K12500,  K12700,  K12800 


COMPOUND  LINE  UP  I  -  COATING  B 
TIRE  SERIALS  K.125'00,  K12700,  K12800 


COMPOUND  LINE  UP  II  -  COATING  A 
TIRE  SERIALS  K12600 


STANDARD  MILITARY  CONTROL 


COMPOUND  LINE  UP  II  -  COATING  A 
TIRE  SERIALS  K12600 


COMPOUND  LINE  UP  II  -  COATING  B 
TIRE  SERIALS  K12600 


FIRESTONE  weather ometer 
60  PPHM  OZONE,  40  HOURS,  STATIC,  100°F 

AGED* 3  DAYS  AT  l58°F 
SIDElWALL  COMPOUNDS 


STANDARD  MILITARY  CONTROL 


TIRE  SERIALS  K12600 


COMPOUND  LINE  UP  II  -  COATING  B 
TIRE  SERIALS  K12600 


FIRESTONE  W EA  TH SR OKET ER 

•A  * 

60  PPHK  OZCfEj  40  HOURS  ,  STATIC, 
•AGED  3  DAYS  AT  158°F 
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SIDEWALL  COMPOUNDS 


STANDARD  MILITARY  CONTROL 


COMPOUND  LINE  UP  II  -  COATING  A 
TIRE  SERIALS  K12600 


COMPOUND  LINE  UP  II  -  COATING  B 
TIRE  SERIALS  K12600 


B.  DURABILITY  TESTS 
1.  COMPOUND  MODIFICATIONS 

Prior  to  fabricating  the  29.5-25,  16  ply  SGG  GOER  tires  for  the 
Durability  Tests,  a  review  of  the  original  three  compound  line  ups' 
performance  pointed  out  the  need  for  sane  reconsiderations  of  the 
compound  design.  In  order  to  improve  the  tires*  durability  character¬ 
istics  from  an  overall  compromise  between  cool  running  and  cut,  chip 
and  wear  resistance,  a  number  of  modifications  were  made  in  the  canpounding 
design.  An  overall  compromise,  utilizing  the  maximum  synthetic  content 
felt  to  be  permissible,  was  chosen  for  one  set  of  tires  (K25500  Serial 
Identification),  to  be  tested  against  control  tires  (K25300  Serial 
Identification)  using  standard  Firestone  Off-The-Roadi  compounds 
(approximately  all  natural  rubber). 

The  final  selection  of  compounds  featured  a  three-piece  tread 
construction  (details  below)  to  obtain  the  best  compromise  between  cool 
running  for  separation  resistance  and  cut,  chip,  tear  and  wear  resistance, 
while  incorporating  synthetic  into  a  portion  of  tread. 

The  final  compound  combination  resulted  in  a  synthetic  content  of 
50#  of  the  polymer  used. 

Tread  Cap  or  Veneer i  An  all-synthetic  compound  with  a  polymer  blend  of 
50#  Diene  and  50#  oil-extended  FRS.  The  synthetic  portion  of  the  tread 
is  confined  to  essentially  only  the  lugs  of  the  design  to  keep  its 
higher  heat  build-up  characteristics  (relative  to  natural  rubber)  away 
from  the  critical  separation  area  of  the  tire  on  top  of  the  tire  carcass. 
The  use  of  Diene  imparts  added  wear  and  cracking  resistance  over  the 
previous  all  oil-extended  FRS  tread  compound  (original  contract  work, 
Compound  Line  Up  III),  plus  giving  an  improvement  in  low  temperature 
flexibility. 

Tread  Base*  An  intermediate  layer  of  a  compound  with  a  75#  natural  rubber- 
25#  Isoprene  polymer  blend,  compounded  to  provide  the  best  compromise 
between  cool  running  and  wear,  cut,  chip  and  tear  resistance.  The  use  of 
a  predominantly  natural  rubber  compound  between  the  tread  cap  and  carcass 
permits  the  use  of  the  all -synthetic  tread  cap  with  no  loss  in  separation 
resistance. 

\ 

Tread  Cushion:  A  separation-resistant  layer  compound  lying  between  the 
tread  base  and  tire  carcass.  This  compound  contains  a  polymer  blend  of 
75#  natural  rubber  and  25#  Isoprene  and  is  compounded  for  the  best  cool 
running  features  with  the  minimum  sacrifice  in  wear,  cut,  chip  and  tear 
resistance.  This  compound  in  combination  with  the  tread  cap  and  tread 
base  constitute  the  three-piece  tread  construction  for  the  best  overall 
compromise  of  tire  compound  properties. 

Outer  Bodv>  Same  as  Tread  Cushion. 
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Inner  Body:  Compounded  for  cool  running  and  heat  resistance,  the 
Inner  Body  features  a  polymer  blend  of  75#  natural  rubber  and  25# 
Isoprene. 

Innerlinert  Compounded  with  a  polymer  blend  of  58#  chlorobutyl,  24# 
natural  rubber,  and  18#  Diene,  this  Innerliner  features  improved  low 
temperature  flexibility  (due  addition  of  Diene),  over  previous  compound 
used  in  original  contract  tires,  in  addition  to  properties  mentioned 
previously. 

Remainder  of  Compounds t 

Sidewall  -  Firestone  standard  Military  Truck  tire  compound. 

Others  -  Firestone  standard  Off-The-Road  compounds. 

Coatings  -  Firestone  Coating  A  referred  to  under  original  contract 
compounding. 


2.  COMPOUND  PROPERTIES 


TREAD 

CAP 

TREAD 

BASE 

TREAD 

CUSHION 

INNER 

BODY 

INNERLINER 

Normal  ( 70°F )  Stress-Strain 

Tensile,  psi 

2850 

3600 

3675 

3675 

1275 

30056  Modulus,  psi 

650 

1000 

725 

675 

600 

Elongation,  # 

710 

590 

645 

610 

560 

Tensile  ©  275°F 

Tensile,  psi 

650 

825 

725 

525 

- 

Elongation,  % 

290 

425 

450 

495 

- 

Normal  (70°F)  Tensile 

After  *Davs  ©  212°F 

Tensile,  psi 

2475 

1725 

1275 

1525 

1175 

Elongation,  % 

420 

370 

335 

410 

480 

Firestone  Flexometer 

Running  Temp.,  °F 

288 

192 

184 

138 

236 

Deflection,  % 

18.7 

12.7 

26.0 

24.7 

24.7 

Shore  "A"  Hardness 

64 

58 

52 

51 

53 

Rina  Tear 

Normal-70°F,  lb/in 

525 

300 

350 

575 

- 

-212°F.  lb/in 

300 

150 

150 

225 

- 

Brittle  Point 

ASTM  D746-57T,  °F. 

-78 

-54 

-56 

-59 

-60 

♦Aging  6  days  at  212°F.  for  Innerliner 
2  days  at  212°F.  for  All  Others 
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3.  TEST  RESULTS 


GENERAL  CONSIDERATIONS 

In  view  of  the  satisfactory  performance  of  the  previously  mentioned 
three-piece  tread  construction  for  durability  and  the  synthetic  tread  cap 
for  wear  in  the  Durability  Tests,  it  was  decided  to  use  this  compounding 
construction  on  the  29.5-25  16  Ply  Rating  SGG  GOER  tire  manufactured  for 
European  Troop  Tests.  However,  due  to  the  synthetic’s  inherent  weakness 
for  crack  growth,  which  evidenced  itself  quite  prominently  during  the 
Durability  Tests,  modification  of  the  synthetic  tread  cap  stock  was 
necessary. 

TREAD  COMPOUND  MODIFICATIONS 


The  synthetic  tread  cap  compound  was  modified  in  line  with  other 
Firestone  compounding  practices  and  experience  to  improve  the  compound's 
crack  initiation  and  growth  resistance.  These  modifications  reduced  the 
compound's  ability  to  meet  the  Standard  Military  Ozone  requirements; 
however,  it  is  felt  that  the  compound's  resistance  to  atmospheric 
deterioration,  especially  with  the  protective  coating  used,  is  adequate. 
In  general  the  compound's  properties  are  similar  to  those  of  the  tread 
cap  compound  listed  under  Durability  Tests.  The  improvement  in  crack 
initiation  and  crack  growth  can  be  seen  from  the  following  data* 


Firestone  Groove  Flexina  Machine 

Previous 

ComDOund 

Modified 

ComDOund 

Per  Cent 
Improvement 

Crack  Initiation 
(Minutes  to  Crk) 

250 

510 

104 

Crack  Growth  (Inches/ 
Hour) 

.258 

.110 

.174 
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29.5-25  GOER  TIRE  DRUM  TEMPERATURE 
_ COMPARISON _ 


Equipment t  70.5"  diameter  steel  drum  powered  by  Allis  Chalmers  100  H.P, 

AC  Electric  motor  -  440  volts  495  RPM. 

Brown  Temperature  Recorder  and  Copper-Cons tantan  Thermocouples. 
Test  Features:: 


Serial 

K12500 
K12600 
K12700 

K12800 
K12900 

Test  Conditions * 

Load  -  18,500  flat  plate  load 
Speed  -  17.1  MPH 
Inflation  -  40  psi 
Ambient  Temperature  -  68°F 


Test  Results: 


Serial 

Center 

Tread  Temperature 

Mid  Point  Shoulder(Hot  Soot) 

Contained  Miles 
Air  Temo.  Run 

Final  Hot 
Inflation 

K12500-2 

179 

197 

208 

144 

150 

48 

K1 2600-1 

201 

221 

229 

149 

150 

50 

K1 2700-4 

177 

191 

196 

145 

150 

49 

K1 2800-2 

196 

206 

222 

147 

150 

50 

K1 2900-2 

227 

230 

240 

142 

113 

47 

Design 


Compounding 


Super  Ground  Grip  Goer 
Super  Ground  Grip  Goer 
Super  Ground  Grip  Goer 
(With  Grooves) 

ND-CC  Goer 
ND-CC  Goer 


11#  Synthetic 
52#  Synthetic 
13#  Synthetic 

14#  Synthetic 
56#  Synthetic 


Conclusions * 

1.  Using  the  Super  Ground  Grip  Goer  as  a  control  (K12500)  for  a 
running  temperature  comparison  of  these  three  designs,  we  see 
that  the  Super  Ground  Grip  Goer  (with  grooves)  is  12°  cooler 
running  and  the  ND-CC  Goer  is  14°  hotter  running  than  this 
control. 


2.  There  are  two  comparisons  of  the  effect  of  synthetic  content 
on  running  temperature* 

A.  K12500  (11#)  vs.  K12600  (52#) 

(208°)  (229°)  +21° 
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+18° 


B.  K12800  (14#)  vs.  K12900  (56#) 

(222°)  (240°) 

This  shows  that  the  higher  synthetic  content  is  18-21°  hotter 
than  the  same  tire  with  the  lower  synthetic  content. 

NOTE:  These  drum  temperatures  can  not  be  construed  as  indicative 
of  actual  operating  temperatures  under  these  same  conditions 
Only  a  comparison  of  one  vs.  another  can  be  made. 
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29 . 5-25  GOER  TIRE 
ON-VEHICLE  TEMPERATURE  COMPARISON 
CONTINUOUS  HIGHWAY  SERVICE 


Discussion 

These  on-vehicle  temperature  tests  provide  a  comparison  of  the 
three  designs  (Super  Ground  Grip  Goer,  Super  Ground  Grip  Goer  with 
grooves,  and  ND-CC  Goer)  and  also  a  comparison  of  high  synthetic  content 
(52  -  5630  vs.  low  synthetic  content  (ll  -  1435). 

All  tires  were  tested  on  the  same  XM438  Goer  Tanker  with  a  gross 
vehicle  weight  of  69,800  lbs. 

All  tests  were  conducted  on  a  3-1/8  mile  loop  of  highway  which  was 
part  of  the  A.A.S.H.O.  road  test  at  Ottawa,  Illinois.  The  duration  of 
each  test  run  was  determined  by  the  equillibrium  point.  When  the 
temperatures  leveled  off,  the  tests  were  terminated.  The  tests  were 
conducted  11-15,  September  1961. 


Features : 


K12500 

K12600 

K12700 


K12800 

K12900 


Conditions: 


Features 


Design 


Compound inc 


Super  Ground  Grip  Goer  113*  Synthetic 

Super  Ground  Grip  Goer  5235  Synthetic 

Super  Ground  Grip  Goer  1335  Synthetic 

(With  Grooves) 

ND-CC  Goer  1435  Synthetic 

ND-CC  Goer  5635  Synthetic 


Load  69,800  lbs.  G.V.W. 


Inflation  40  psi  drive,  30  psi  trail 

Speed  29  MPH  Average. 


Test  Results  (All  Temperatures  Corrected  to  68°  Ambient) 

Inflation  Actual  Maximum 


Type 

Serial 

Position  Cold 

Hoi 

Ambient 

Temp. 
(Corr . 

Hours 
)  Run 

Super  Ground  Grip  Goer 

K1 2500-1 

RF 

40 

52 

65° 

241° 

4.7 

Super  Ground  Grip  Goer 

K1 2600-1 

LF 

40 

51 

65° 

272° 

4.7 

Super  Ground  Grip  Goer 

K1 2500-2 

LR 

30 

40 

65° 

234° 

4.7 

Super  Ground  Grip  Goer 

K1 2600-2 

RR 

30 

40 

65° 

239° 

4.7 

Super  Ground  Grip  Goer 

K1 2700-2 

RF 

40 

51 

62° 

217° 

5.7 

(With  Grooves) 

Super  Ground  Grip  Goer 

K12700-1 

LF 

40 

50 

62° 

219® 

5.7 

(With  Grooves; 

Super  Ground  Grip  Goer 

K1 2700-3 

LR 

30 

41 

62° 

213® 

5.7 

(With  Grooves) 

Super  Ground  Grip  Goer 

K1 2700-4 

RR 

30 

41 

62° 

206® 

5.7 

(With  Grooves) 

ND-CC  Goer 

K1 2800-1 

RF 

40 

54 

63° 

233® 

4.5 

ND-CC  Goer 

K1 2900-1 

LF 

40 

54 

63° 

255® 

4.5 

ND-CC  Goer 

K1 2800-2 

LR 

30 

43 

63° 

208® 

4.5 

ND-CC  Goer 

K1 2900-2 

RR 

30 

43 

63° 

236® 

4.5 

Conclusions 


1.  The  effect  of  design  on  running  temperature  can  be  readily 
determined  since  one  tire  of  each  design  was  run  under  the  same 
conditions  using  the  Super  Ground  Grip  Goer  (K12500)  as  a  control* 


Type 

Serial 

Position 

Maximum 

Temperature 

SGG  Goer 

K1 2500-1 

RF 

241® 

Par 

SGG  Goer  (With  Grooves) 

K1 2700-2 

RF 

217® 

-24® 

ND-CC  Goer 

K1 2800-1 

RF 

233® 

-  8® 

SGG  Goer 

K1 2500-2 

LR 

234® 

Par 

SGG  Goer  (With  Grooves) 

Kl 2700-3 

J.R 

213® 

-21® 

ND-CC  Goer 

K12800-2 

LR 

208® 

-26® 

These  differences  might  be  attributed  to  variations  in  the 
individual  tires  such  as  base  gauge,  etc. 
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2.  The  effect  of  synthetic  content  on  tire  operating  temperature 
can  also  be  determined.  Four  direct  comparisons  are  available. 


Serial 

*  Svnthetic 

Position 

Maximum 

Temoerature 

K1 2500-1 

11* 

RF 

241° 

+31° 

K1 2600-1 

52* 

LF 

272° 

K12500-2 

11* 

LR 

234° 

+  5° 

K1 2600-2 

52* 

RR 

239° 

K1 2800-1 

14* 

RF 

233° 

+22°> 

K1 2900-1 

56* 

LF 

255° 

K1 2800-2 

14* 

LR 

208° 

+28° 

K1 2900-2 

56* 

RR 

236° 

■ 

Ave.  Difference  +22° 

3.  These  tests  determined  that  at  inflation  of  40  psi,  drive 
and  30  psi,  trail,  the  Super  Ground  Grip  Goer  tires  (with  grooves  - 
K12700)  should  operate  safely  in  continuous  service  at  speeds  under 
30  MPH  and  at  an  ambient  temperature  of  68°. 

We  use  250°F  as  a  critical  temperature,  and  as  an  ambient 
temperature  correction  factor,  we  use  l/2°F  tire  temperature  change 
for  each  1°F.  ambient  change.  It  can  be  seen  from  these  temperatures 
that  at  higher  ambient  temperatures  all  of  the  other  designs  would 
be  marginal.  Since  it  is  desirable  to  use  as  high  a  synthetic  content 
as  possible,  the  Super  Ground  Grip  Goer  tire  (with  grooves)  is  the 
only  one  capable  of  continuous  highway  operation  at  high  ambient 
temperatures  when  produced  with  the  high  synthetic  construction. 


TRACTION  TEST  SUMMARY 


Discussion:  The  data  and  resulting  conclusions  shown  in  this 

summary  have  been  abstracted  from: 

Final  Report 
Phase  I 

Project  20-1-102 

Traction  Ability  of  Various  29.5-25  Goer  Tires  in 
Sand,  in  a  Compressible  Soil,  and  on  a  Non- 
Compressible  Surface. 

This  report  was  prepared  by  Nevada  Automotive 
Test  Center,  Carson  City,  Nevada  for  Le-Tourneau 
Westinghouse  Company  in  September,  1962. 


OBJECT 

The  object  of  this  test  program  was  to  evaluate  the  tractive 
ability  of  the  following  test  tire  groups  (each  featuring  a 
difference  in  tread  design)  in  sand,  in  compressible  soil  and  on 
non-compress ible  surface. 


Group  A:  Firestone  Ground  Grip  (Control  Tires), 

16  PR  Directional  Design,  29.5-25. 

Serial  numbers  K-4300-9  and  K-4300-14. 

Group  B:  Firestone  ND-CC  Goer,  16  PR 
29.5-25. 

Serial  numbers  K-12900-2  and  K-12900-1. 

Group  C:  Firestone  Super  Ground  Grip  Goer,  16  PR, 
Grooved  Lug,  29.5-25. 

Serial  numbers  K-21700-4  and  K-12700-3. 

Group  D:  Firestone  Super  Ground  Grip  Goer,  16  PR, 
Solid  Lug,  29.5-25. 

Serial  numbers  K12500-1  and  K-12600-1. 


30 


CONCLUSIONS 


SAND 

In  prepared  sand  simulating  the  loose  "blow”  sand  common  to  the 
lee  side  of  beach  and  desert  dunes  the  initial  desirable  inflation 
pressure  increments  of  40,  30  and  20  PSI  were  predictably  high  for 
vehicle  operation  in  the  type  of  sand  available  at  the  test  site. 

20  PSI  was  found  to  be  the  maximum  test  pressure  to  which  the  tires 
could  be  inflated  to  permit  movement  of  the  test  vehicle  from  highway 
to  the  sand  course  over  a  sand  road  traversable  by  jeep  and  pickup. 

With  maximum  sand  tire  inflation  pressure  established  at  20  PSI, 
16  and  12  PSI  were  arbitrarily  selected  as  the  lower  increments  at 
which  data  would  be  generated. 

Little  significant  difference  in  performance  existed  between 
these  tires  at  20,  16  and  12  PSI. 

The  12  PSI  inflation  pressure  would  not  be  practical  for  any  of 
these  tires  due  to  the  severe  traction  buckle  which  appeared  at  this 
low  pressure.  Two  of  the  eight  tires  tested  experienced  slippage 
between  tire  and  rim. 

The  sand  gradeability  of  the  64,000  lb.  Goer  vehicle  equipped 
with  Conventionally  designed  tires  on  all  four  drive  wheels  is 
calculated  to  be  as  follows; 


Tire  Group  __ ___ 

A 

B 

c 

D 

Inflation,  Press.  20 

12 

20 

16 

12- 

20 

16 

1L. 

20 

16 

12 

Gradeability,  %  25 

30 

34 

24 

29 

34 

(1) 

29 

32 

27 

29 

32 

Gradeability 

Rating  as  compared 
with  Control  100 

Group  A 

100 

100 

96 

97 

100 

(l) 

97 

94 

108 

97 

94 

Travel  Efficiency 
Rating  as  compared 
with  Control  100 

100 

100 

95 

103 

96 

(1) 

103 

101 

100 

104 

103 

(l)  Could  not  negotiate  sand  course  with  drawbar  load. 


COMPRESSIBLE  SOIL  WITH  GROUND  COVER 

As  opposed  to  sand,  tires  in  compressible  soil  continue  to  develop 
progressively  more  drawbar  as  travel  efficiency  diminishes  (increased 
wheel  spin).  This  being  the  case,  comparative  performance  in  terms  of 
drawbar  must  be  judged  at  comparable  travel  efficiency  points.  For 
specific  comparisons  see  SUMMARY  OF  TEST  RESULTS,  Tractive  Ability, 
Compressible  Soil  with  Ground  Cover.  Of  the  experimental  tires,  the 
ND-CC  Goer  design,  Group  B,  provided  maximum  drawbar  pull  under  these 
conditions. 
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CONCLUSIONS  (CONTINUED) 


NON-COMPRESS IBLE  SURFACE 

Under  these  conditions,  the  Super  Ground  Grip  Goer,  Group  D, 
provided  the  maximum  drawbar  pull  of  any  of  the  experimental  designs » 
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Hard  Surface  Measurement 
Flange  to  Road,  Inches 

Unloaded  19.5  21,3  21,5  19.6 

Loaded  12.9  11,5  10.0  14,3  13.0  9,9  15.5  14.4  12.8  14.1  12.9  10.5 

%  Deflection  34  41  49  33  39  54  28  33  40  28  34  46 


SUMMARY  OF  TEST  RESULTS  (Continued) 
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SUMMARY  OF  TEST  RESULTS  (Continued) 


Tractive  Ability 8  Compressible  Soil  with  Ground  Cover 

Averaged  Drawbar  Values  (at  90,  75  and  60 % 
Travel  Efficiency)  Rated  Against  Group  A. 


GrouD 

A 

B 

C 

D 

Infl.  Press., 

40  PSI 
Rating 

14800 

100 

16300 

110 

14100 

95 

14900 

101 

30  PSI 
Rating 

15400 

100 

16300 

106 

13400 

87 

14500 

94 

20  PSI 
Rating 

15300 

100 

14600 

95 

13800 

90 

13800 

90 
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SUMMARY  OF  TEST  RESULTS  (Continued) 


O  CM 

nO  CO 


vO  O 

in  co 


CO  CM 

CM  #— l 


re  re 

nO  CO 


CM  CO 

\D  CO 


O'  \£> 

re  CM 


V  M- 

vO  CO 


CO  CO 

vO  CO 


CO  00 

in  cm 


•  0) 

© 

TO  •  ©  • 

<0  P  P  P 

MQ(3q 

•  •  « 

•£  0£ 
VSrtS 
10  © 

U  M  U  CM 


NO 

in  c 

>  r- 

CM 

re 

g 

00 

H 

CM 

r-~ 

re 

re 

NO 

co  o  o 

O'  H 
» — 1 

CM 

NO 

co 

o 

rH 

nO 

co 

in 

O'  O  nO 

00 

in 

O 

00 

rH 

CM 

in 

CM  O  00 

CO 

NO 

i— t 

re 

CM 

O 

NO 

O 

CM 

o 

rH 

nO 

CO 

in 

CO  c 

>  NO 

CM 

CM 

o 

CO 

CM 

CO 

CM 

«-4  O  O' 

in 

r- 

CM 

H 

o 

co 

re 

rH 

00 

rH 

re¬ 

CM 

00 

*  £ 
o 
o 
0 

>  NO 

f- 

8 

o 

CM 

in 

in 

NO 

5  O 

N  .-I 

4 

4 

nO 

o 

rH 

CM 

CM 

O 

rH 

NO 

CO 

rH 

t-  c 

>  in 

f- 

in 

O 

O' 

rH 

CO 

in 

cm  o  r~ 

O' 

in 

H 

re 

CM 

O 

O' 

o 

CM 

O' 

MO 

ro 

CO 

CM  C 

>  in 

CM 

CM 

O 

t" 

CM 

to 

CM 

*— i  c 

if 

r- 

>  re 

> 

CM 

rH 

o 

ro 

re 

•~~i 

00 

re 

CM 

i-l 

8  g 

cr 

re 

O' 

>  o 

H 

00 

o 

00 

CO 

re 

r- 

>  ft 
)  i — i 

j 

r- 

CO 

o 

in 

H 

CM 

O' 

NO 

CO 

in 

in  c 

co  c 

r- 

o 

r- 

>  o 

NO 

o 

o 

t" 

rH 

CM 

nO 

>  O' 

4 

V 

4 

in 

CO 

o 

8 

CM 

O' 

NO 

CO 

r- 

o  c 

)  CM 

t" 

in 

O 

o 

CM 

CO 

CO 

CM  C 

r 
o 

• 

>  in 

> 
i 

CM 

• 

a>  -~v 

•a  • 

H 

• 

<D 

o 

re- 

re 

•-I 

00 

re  cm 

• 

•  © 
av-^T)'— ' 
"O  •  re  • 

•  © 

<0'~'  ’O"-' 
"O  •  flj  • 
©  P  P  P 

uQoa 

9  9  • 

•  XI  O  X 

+>  s  ^  sc 

in  © 

BJ  M-  U  CM 


OQ 

a  a 
•h  cl 

p 

P 

O  MO 

© 

rH 

o 

TO 

O 

<=■'—'• 

3  in 

O  © 

o 

P  P 
o  ^4 

y 

©  p  p  u 
P  Q  O  Q 


•  -C  O  4= 
■P  J  hJ 

in  re 

w  reo  cm 


<  -P  M 
in  -p 
©  c 

P  O 


© 

c 

o 

EQ  -P 
U>  Cd 
©  O. 
P 

•H  vO 
IP  »— l 


to 

c 

3 

o 

P  O' 
p  _ 

a  © 

3  > 

to  o 
o 
©  p 
c  o 
o 

O  -P  - 
w  a; 
©  a. 
p 

•rl  VO 

u.  r- i 


©  p  p  p 
(jO  OQ 
O 

•  •  • 

•  -C  ojC 
+»S  hS 
in  re 
m  re  o  cm 


Q  -p  C 

w  -o 

©  Q.-H 

ti  P  H 

•H  P  O 
It.  O  to 


SUMMARY  OF  TEST  RESULTS  (Continued) 


Tractive  Ability.  Non-Compressible  Surface 

Averaged  Drawbar  Values  (at  90,  75  and  60$  Travel  Efficiency) 
_ Rated  Against  Group  A. _ 


Group 

A 

B 

C 

D 

Infl.  Press., 

40  PSI 

20400 

19700 

17600 

18800 

Rating 

100 

97 

86 

92 

30  PSI 

19800 

16100 

15400 

19100 

Rating 

100 

81 

78 

96 

20  PSI 

15700 

16500 

15200 

18900 

Rating 

100 

105 

97 

120 
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Prcnect  20-1-110 


HISTORY 


In  August  1962  the  Nevada  Automotive  Test  Center,  A  Division  of 
Hodges  Transportation  Inc.,  conducted  an  Engineering  Study  (Proiect  20-1-102) 
of  the  influence  of  tire  tread  design  and  carcass  construction  on  the  tractive 
efficiency  of  29.5  -  25  tires  applicable  to  unsprung  four  wheel  vehicles  such 
as  the  Model  "C"  Toumapull  and  the  AT  AC  "Coer". 

In  February  1963  two  experimental  tire  groups  and  one  control 
(Standard  "Goer"  29.5  -  25)  tire  proup  were  applied  to  three  commercial  Model 
"C"  Toumapull  "test  bed"  venicles  for  the  purpose  of  establishing  the  com¬ 
parative  durability  and  tread  wear  performance  of  these  tires  when  subiected 
to  semi-continuous  operation  over  paved  highways,  "washboard"  secondary  roads 
and  cross-country  trails. 


OBJECT 

The  three  tire  test  groups  selected  for  this  durability  and  tread 
wear  study  featured  significant  differences  and  the  test  program  was  set  up 
to  segregate  the  effect  of  these  differences  in  terms  of  tire  durability 
and  tread  wear: 

Tire  Group  A,  the  standard  29,5  -  25  directional  tread  "Goer" 
tires,  featured  16  ply  conventional  construction  and  natural 
rubber  tread. 

Tire  Group  B,  the  experimental  29.5  -  25  non-direct ional  tread 
tires,  featured  radial  ply  construction. 

Tire  Group  C,  the  experimental  29.5  -  25  directional  tread 
tires,  featured  16  ply  conventional  construction  and 
synthetic  rubber  tread. 

Two  additional  tire  groups  were  available  for  durability  and  tread 
wear  testing  (Groups  D  and  E)  should  premature  failures  develop  in  the  original 
test  tire  groups. 

Tire  Group  D,  the  experimental  29.5  -  25  non-directional  tread 
tires,  featured  16  ply  conventional  construction. 

Tire  Groun  E,  the  experimental  29.5  -  25  directional  tread 
tires,  featured  radial  ply  construction. 

One  additional  groun  of  non-directional  radial  ply  construction  tires 
(Group  D  with  the  same  features  as  Group  B  was  available  for  engineering 
investigation. 
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TEST  PLAN 


The  tread  wear  and  durability  test  plan  established  a  requirement 
for  the  followinp: 

A  maximum  of  20,000  vehicle  miles  per  tire  test  proun 
divided  into  8,000  miles  of  pavement  operation,  8,000 
miles  of  secondary  road  operation  and  4,000  miles  of 
cross-country  trail  operation. 


Front  tire  loads  of  approximately  19,400  lbs.  per  tire 
and  rear  tire  loads  of  16,000  lbs.  per  tire  simulatinp 
the  tire  loads  of  the  ATAC  "Coer"  fuel  tank  truck, 

XM  438E2. 


Measurements  of  tread  wear  and  tire  deterioration  each 
2,500  miles  of  operation. 

Rotation  of  test  tires  from  vehicle  to  vehicle  each  meas¬ 
urement  period  to  equate  vehicle  "test  bed"  differences. 

Test  speeds  averaging  25  MPH  on  pavement,  25  MPH  on 
secondary  roads  and  8  MPH  over  cross-country  trails  to 
be  maintained  commensurate  with  driver  and  vehicle  safety. 


Tire  inflation  at  the  maximum  level  permitted  by  cross¬ 
country  terrain  conditions  in  terms  of  driver  and  vehicle 
fatip.ue  limits  at  the  minimum  average  speed  requirement 


of  8  MPH. 


Tire  temperatures  on  the  pavement  course. 


Driver  observations  of  vehicle  "ride"  and  performance  as 
influenced  by  tire  reaction. 

The  specific  test  plan  and  procedures  are  set  forth  in  detail  in 
TEST  PROCRAM  of  this  report. 


CONCLUSIONS 


The  following  conclusions  may  be  drawn  from  the  data  generated  unde 
the  specific  conditions  of  this  test  program  as  summarized  in  TEST  RESULTS,. 


Tire  Tread  Wear 

Regardless  of  tread  design,  tires  of  radial  ply  construction 
(Groups  B  and  E)  provide  a  significantly  lower  tread  wear 
rate  than  tires  of  conventional  construction  (Groups  A,  C  and 
D).  Group  B  was  14%  worn  compared  with  A-79%,  C-35%  and  D-32% 
worn  at  equal  mileage,, 

With  like  tire  construction,  non-directional  tread  tires 
(Groups  B  and  D)  provide  a  lower  tread  wear  rate  than 
directional  tread  tires  (Groups  A,  C  and  E), 

The  synthetic  directional  tread  conventional  construction  tires 
(Group  C)  provide  a  significantly  lower  tread  wear  rate  than 
the  natural  rubber  directional  tread  conventional  construction 
tires  (Group  A). 

On  the  Model  "C"  Toumapull  "test  beds"  rear  tire  wear  rate 
exceeded  front  tire  wear  rate;  however,  in  terms  of  irregular 
wear  the  non-directional  design  is  not  sensitive  to  axle 
position,  whereas  the  directional  design  is  sensitive. 

Directional  tread  conventional  construction  tires  (Group  A) 
exhibit  almost  100%  higher  lug  pressure  on  the  ground  than 
do  the  non-directional  tread  radial  ply  tires  (Group  B)  which 
increases  unit  rate  of  wear. 


Tire  Durability 

The  synthetic  directional  tread  conventional  construction 
tires  (Group  C)  developed  substantially  greater  tread  cracking 
than  the  natural  rubber  tread  tires  (Group  A)  of  the  same 
construction. 

Conventional  construction  tires  (Groups  A  and  C)  are  signif¬ 
icantly  more  durable  than  the  radial  ply  construction  tires 
(Group  B)  experiencing  no  carcass  failures  of  the  original 
eight  test  samples,  whereas  the  radial  ply  construction  exper¬ 
ienced  three  carcass  failures  and  one  tread  separation  of  the 
original  four  test  samples  and  one  carcass  failure  of  the  three 
replacement  tires  subjected  to  test. 

The  relative  durability  of  the  two  additional  tire  groups  cannot 
be  assessed  as  the  accumulated  test  miles  authorized  for  a  tread 
wear  comparison  of  these  groups  (Groups  D  and  E)  were  respectively 
7,500  and  2,500  miles  which  were  not  adequate  for  durability 
comparison. 
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CONCLUSIONS  (Contd.) 


Tire  Temperatures 


The  non-directional  radial  ply  tires  (Croup  B)  under  normal 
conditions  of  pavement  test  operation  ran  at  a  slirhtly  lower 
mean  temperature  (l'J0°r)  than  the  Croups  A  and  C  directional 
conventional  tires  (202°F). 

The  non-directional  conventional  tires  (rrouo  D)  under  normal 
conditions  of  pavement  test  operation  ran  significantly  cooler 
(210°F)  than  the  Croup  E  directional  radial  ply  tires  (237°F); 
however,  while  the  operating  conditions  were  equivalent  during 
the  time  these  temperatures  were  recorded  the  accumulated  group 
tire  mi  lea cos  were  not  (Croup  D-7,500  miles.  Croup  E-2,500  miles) 

In  the  oavement  operation  established  for  this  test  (8  hours 
continuous)  tire  Groups  A,  B,  C  and  D  will  not  generate  temper¬ 
atures  in  excess  of  233°F  providing  all  tires  are  normal,  i.e.j 
no  separations  or  traumatic  frictional  generators. 


Rolling  Resistance 

The  di  rection.fi'  convent  ional  tires  (Crouns  A  and  C)  and  the 
non-directional 'radial  ply  tires  (Croup  B)  were  analyzed  in 
terms  of  their  relative  influence  on  vehicle  fuel  consumption. 
A  comoarison  of  the  fuel  consumed  by  the  three  test  vehicles 
applied  to  each  tire  proup  for  an  equal  number  of  miles  re¬ 
presents  a  rate  of  fuel  consumption  chargeable  to  each  tire 
group  without  regard  for  vehicle  differences.  The  foregoing 
disrepards  many  possible  variables  but  a  trend  was  established 
from  these  data  which  snowed  a  6%  improvement  in  the  rate  of 
fuel  consumption  attributable  to  the  non-directional  radial 
ply  tires  (Croup  3)  when  compared  with  the  directional  con¬ 
ventional  tires  (Croup  A)  and  an  B%  improvement  when  compared 
with  the  directional  conventional  tires  (Croup  C). 
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CONCLUSIONS  (Contd.  ) 


Instrumented  "Ride"  Study 

Compared  with  the  Model  "C"  Tourn.null,  the  "Coer"  Tanker  at 
rated  load  provides  significantly  better  "ride"  characteristics 
on  rough  pavement  and  secondary  road  surfaces  renardle3S  of  the 
influence  of  the  tires0 

In  cross-country  over  natural  obstacles  the  vehicle  reaction  is 
sharply  sensitive  to  tire  reaction  which  permits  the  equatinp 
of  vehicle  differences  by  tire  selection,  i.e.,  the  "Coer 
equipped  with  radial  ply  tires  (Group  D  is  equally  as  acceptable 
as  the  Model  "C"  Toumapull  equipped  with  conventional  directional 
tires  (Group  A),  whereas  when  these  tires  are  reversed  in  vehicle 
assignment  the  two  vehicles  are  equally  "ride"  deficient. 

On  pavement  and  secondary  road  surfaces  the  "ride"  of  the  "Goer" 
Tanker  equipped  with  non-directional  radial  ply  tires  (Group  D 
is  essentially  insensitive  to  limited  tire  pressure  change, 
whereas  the  Model  "C"  Toumapull  ''ride"  is  extremely  sensitive. 
Equipped  with  conventional  directional  tires  (Group  A)  both 
vehicles  exhibit  a  slight  pressure  change  sensitivity. 

3y  comparison  the  "ride"  characteristics  of  the  non-directional 
conventional  tires  (Group  D)  are  considered  deficient  in  any 
"rough"  area  on  any  surface  when  mounted  on  the  Model  "C" 
Toumapull,  The  non-directional  radial  ply  tires  (Group  E) 
provide  the  best  over-all  Model  "C"  Toumapull  "ride"  on 
pavement  and  secondary  road  surfaces  and  better  cross-country 
"ride"  than  the  non-directional  radial  ply  (Group  F),  Assuming 
the  influence  of  the  "Goer"  on  the  cross-country  "ride"  of  the 
Group  F  tires  would  hold  true  for  the  directional  radial  ply 
Group  E  tires,  the  Group  E  tires  would  provide  a  significantly 
better  over-all  "Goer"  "ride"  than  any  other  tire  group  tested,  sf" 

Using  the  Model  "C"  Toumapull  as  a  "test  bed"  and  under  the  eleven 
different  test  conditions  in  the  "Ride"  Study  to  which  all  tire 
groups  were  subjected  the  directional  conventional  (Group  A) 
tires  exceeded  the  human  fatigue  limit(l)  under  five  conditions  and 
the  vehicle  fatigue  limit^)  under  two  conditions;  the  non- 
directional  radial  ply  tires  (Group  F)  exceeded  the  human  fatigue 
limit  under  six  conditions  and  the  vehicle  fatigue  limit  under 
three  conditions;  on  the  same  comparative  basis,  the  non-direction¬ 
al  conventional  ply  tires  (Group  D)  exceeded  the  human  fatigue 
limit  seven  times  and  vehicle  fatigue  limit  four  times;  and  the 
directional  radial  ply  tires  (Group  E)  exceeded  the  human  fatigue 
limit  four  times  and  the  vehicle  fatigue  limit  three  times, 

(1)  Acceptable  "Human"  Continuous  Fatigue  Limit  of  ,89  (Ride  Index),  as 
Interpreted  from  Goldman's  "Unpleasant"  Limit. 

(2)  Acceptable  Vehicle  Continuous  Fatigue  Limit  of  1.91  (Ride  Index),  as 
Interpreted  from  Goldman's  "Intolerable"  Limit, 
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COW C  LUG  I  ON S  (  Con  t d  0  ) 


Instrumented  “Ride"  Study  (Contdo) 

(Jsinp  the  "Goer"  Tanker  as  a  "test  bed"  and  under  the  same 
conditions  applied  to  the  Model  "C11  Toumapull  "test  bed" 
the  directional  conventional  (Croup  A)  tires  exceeded  the 
human,  fatigue  limit  three  times  and  the  vehicle  fatigue  limit 
or.ce  o  whereas  the  non-di rectional  radial  ply  (Croup  F)  tires 
exceeded  the  human  and  vehicle  fatigue  limit  only  once  under 
the  single  cross = country  condition0 


Instrumented  Shallow  Mud  Traction  Study 

Only  the  directional  conventional  (Croup  A)  tires  and  the  n  on  - di re  et  ton  s 1 
radial  plv  (Croup  F)  tires  were  subjected  to  this  Mud  Traction  Study  and  the 
following  conclusions  may  be  drawn  from  their  performance0 

The  directional  conventional  (Croup  A)  tires  depend  upon 
increased  ground  pressure  for  increased  traction 9  whereas 
the  non-directional  radial  ply  (Croup  F)  tires  depend  upon 
decreased  ground  pressure  for  increased  traction0 

At  their  optimum  inflation  pressure  within  the  range 
investigated  (15=55  psig)  the  maximum  traction  of  the  two 
groups  being  compared  were  equal  at  55  psig  for  the  Croup  A 
tires  and  lb  psig  for  the  Croup  F  tires» 

The  pressure  print  profile  of  the  two  groups  at  their 
maximum  traction  indicated  a  single  high  pressure  contact 
in  the  crown  of  the  Croup  A  tires  and  two  high  pressure 
contacts  at  the  shoulders  of  the  Croup  F  tireso 

At  their  maximum  traction  the  static  Iup  ground  pressure 
of  the  Croup  A  tires  is  228  PSI  and  the  Group  F  tires  is 
MB  PSI  which  influences  tire  flotation  characteristics 0 

Hie  vehicle  ground  clearance  is  reduced  by  the  inflation 
pressure  reduction  required  by  the  Croup  F  tires0 

In  shallow  mud  the  tread  void  areas  of  the  Croup  A  tires  are 
cleared  of  mud  buildup  at  lb  psig  inflation 0  whereas  the 
Croup  A  are  substantially  loaded.,  At  55  psig  inflation  the 
Croup  A  tread  void  areas  are  cleared  of  mud  buildup  and  the 
Group  F  tires  are  substantially  loaded., 
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CONCLUSIONS  (Contd. ) 


Instrumented  Shallow  Mud  Traction  Study  (Contd. ) 


CONSIDERATIONS  FOR  IMPROVIN'";  "GOER"  MUD  TRACTION 


To  achieve  acceptable  mobility,  the  "Goer"  vehicle  equipped 
with  non-directional  radial  ply  tires  should  not  be  operated 
in  shallow  mud  with  more  than  25  psip  front  tire  inflation 
pressure  and  20  psip,  rear  tire  inflation  pressure,  whereas 
the  directional  conventional  (Group  A)  tires  should  not  be 
operated  with  less  than  45  psip  front  tire  inflation  pressure 
and  40  psip  rear  tire  inflation  pressure. 


To  achieve  acceptable  soil  trafficability  (mud  track  pass 
factor)  neither  Group  A  nor  Grcuo  T  should  be  inflated  to 
more  than  25  psip. 


These  data  indicate  that  in  deep  mud  the  directional  tread 
(Group  A)  tires  at  35  ,  45  or  55  psip,  inflation  can  negotiate 
a  more  severe  condition  in  forward  travel  than  in  reverse; 
consequently,  consideration  should  be  given  to  what  inflation 
pressure  might  be  used  to  extricate  the  vehicle  when  forward 
travel  is  no  longer  possible. 


Serious  consideration  should  be  given  to  evaluating  the  deep 
mud  potential  of: 


1.  Non-directional  conventional  and 
radial  ply  tires. 


2.  Directional  conventional  and  radial 
ply  tires. 
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TEST  RESULTS 


Tab  la  I  summarizes  the  results  of  the  Tire  Durability  Test  in  terms  of 
teat  mile*  to  removal  and  tread  wear  rate. 


TAdU;  1 


lire  ('.roups 

B 

D 

E 

Average  Teat  Hi lea 

Per  Tire  Samp let1' 

10,022 

8,604 

16,040 

7,609 

2,SH1 

Reason  for  Removal 

Worn 

Radial 

Worn 

Test 

Teat 

Srsooth 

Cracks 

Smooth 

Terminated 

Terminated 

Durability  Rating,  % 

Treed  Waar.  Average 
Hiles/Mil<3> 

100 

86 

160 

— 

— 

6.1 

29.9 

12.2 

16.3 

20.3 

Tread  Wear  Rating,  % 

100 

490 

200 

267 

333 

(1)  The  aum  of  the  failed  tire  mileages  divided  by  the  number  of  failed  tires 
equals  average  teat  miles  per  tire  sample. 


(2)  Thee*  averages  are  based  on  two  measurement  locations  (shoulder)  and  do  not 
include  crown  wear,  (lee  Summary  of  Tire  Tread  Wear;  final.  By  Period.  ) 


TLST  RLSULTS  (Contd.  ) 


reproduced  from 

BEST  AVAILABLE  COPY 


Table  II  summarize:,  the  result  of  the  "Pule"  Study  comparing  tire 
P.roup  performance  in  terms  of  vehicle  "ride"  index  values  (See  Anpendix  A, 
"Ride"  Study).  A  "ride"  index  value  of  0.80  i.-;  defined  as  oeinr  tno  acceptable 
limit  of  human  fatigue  for  continuous  operation. 


TA.lLli  II 


Tire  Crouds 


Condition 

JT 

D 

- p- 

Tront  Tire  psiR 

40 

50 

40 

50 

40 

50 

40 

50 

Rear  Tire  psiR 

30 

40 

30 

40 

30 

40 

30 

40 

"Hide" 

1  ndex 

Pavement 

#1,  Smooth 

0.35 

0.58 

0.51 

0.50 

O.bO 

0.30 

0.50 

0.31 

H2t  Rough 

1.10 

1.10 

2.30* 

0.80 

4.60* 

2.00* 

2.15* 

0.72 

Secondary 

Hi,  Smooth 

0.54 

0 ,  b5 

0.50 

1.20 

0.44 

0.  .18 

0.22 

0.54 

#2 ,  Smooth 

0.52 

1.21 

0.37 

1.40 

0.2  4 

1.00 

0.28 

1.40 

03,  RouRh 

0.  8S 

2.38* 

0.02 

2.00* 

0.01 

4.30* 

0.75 

2.00* 

Cross-Country 

Rough 

2.7* 

-- 

6,2* 

— 

10.2* 

— 

5.8* 

— 

Underlined  values  are  in  excess  of  acceptable  human  fatipue  lir.its  for  continuous 
operation. 

(*)  Asterisked  values  ire  in  excess  of  acceptable  human  and  vehicle  fatipue  limits 
for  continuous  operation. 
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REPRODUCED  FROM 
BEST  AVAILABLE  COPY 

TLST  Kb  jULTS  (Contd.  ) 

Tafile  III  summarizes  the  result  of  the  "Mde"  Mu<ly  comnarint’  t it* 
performance  of  the  Model  "(  "  Tournupull  with  the  "foor"  'f. inner,  in  t«rns  of 
vehicle  "Rida"  index  value  (  .ee  Appendix  A,  Kino  ->tudy).  A  "ride"  index  of  1,31 
is  defined  as  ueinp  the  acceptable  limit  of  vehicle  felipue  for  continuous 
operation  ( approximately  O.n  to  0.0  C).  (  lee  r‘KAi,.-l  U.fUPlb,  ri^ures  1  and  2.) 

TABLE  ill 


Vehicle 
Tire  Group 
Condition 

Inflation,  Tront ,  psip 
Inflation,  Rear,  psip. 

Pavement 
II,  Smooth 
#2,  Rouph 

Secondary 

11,  Smooth 

12,  Smooth 
1/3,  Kouph 

Cross-Country 

Rouph 


Vehicle  "Ride"  Indices 


40 

50 

40 

50 

40 

5.) 

40 

50 

JO 

4) 

30 

HO 

30 

40 

30 

40 

•  1 

Ride"  Index 

0.35 

0.6b 

0.51 

0.50 

0.22 

0.27 

0.31 

0.29 

1. 10 

1.  10 

2.30* 

0.  B0 

0.57 

0.65 

0.80 

0.75 

0.54 

0.b5 

0.50 

1.2  J 

0.22 

0.56 

0.20 

0.18 

0. 52 

1.21 

0. 37 

1  ,  HO 

0.20 

1.40 

0.35 

0.38 

0.85 

2.  J8* 

0.  32 

2.00* 

0.51 

0.00 

0.  $B 

0.62 

2.70* 

b.  20* 

5.70* 

2.90* 

Goer  J  40-30  psip 
"C"  Pull  .3  40-30  psip 

Goer  J  50-40  psip  3, 2 A  0.7H  0,37  J.dO  0.76  -- 

"C"  Pull  )  50-40  psip  >.50  ■).  J5  u.03  '■ .  1 1  2.64* 

Underlined  values  arc  in  sxivib  ol  accept .il>  1«-  Human  futipue  limits  for  continuous 
operation. 

(*)  Astoriskcu  values  iro  in  excess  of  accent .  il>  le  rui'n  :n  ana  vehicle  fat  true  limits 
for  continuous  oner-il  i<-:i. 


Comparison  of  He. in  Vehicle  "Ride"  Indices 


0.27  O.oJ  0.2J  0.2b  0.5J  ‘*,30* 

y.43  i .  7 0  0.52  0.45  0.8'J  4.45* 


Pavement 
Smootli  'nn 


Secondary 

TTnocth  .moot  h  Houpn 


Cross-Counti 

Pouah 


REPRODUCED  FROM 
BEST  AVAILABLE  COPY 


Til  .1  llwfiti!.) 


Table  IV  summarizes  tn«*  -.jh  1 1'»  •>(  ino  .hallow  Mud  Traction  >tudy  (Gee 
Appendix  -.1,  Mud  Tract  i«»:i  Ituiiy)  of  t  ho  >:ir -<  t  In-i  il  tread  convent  tonal  construction 
29.5  -  2b  tires  and  tne  non-direct  ional  tr  ui  rauial  :i lv  2J.5  -  25  tlrss  in  terms 
of  the  influence  of  inflation  pressure  un  tr  ictive  sfficiancy. 


TA.1LU  IV 


%  Travel  Static 

Maximum  Efficiency  0  Ground- Lur 


Drawbar . 

U»s. 

Maximum 

Drawbar 

psiO) 

Inflation  Pressure 

Croun  A 

Croup  T 

Croup  A 

Croup  T 

BtBZOUB 

55 

•J8J0 

6100 

17 

26 

228 

113 

45 

8200 

6800 

30 

31 

146 

85 

35 

7800 

7150 

30 

27 

109 

62 

25 

7600 

87s0 

'  40 

32 

87 

56 

15 

<7550)<  A) 

■1800 

36 

72 

48 

(1)  Extrapolated  fron  inflation  pressure-maximum  drawbar  curve  of  Croups  A  and  T. 

(2)  At  55  PCI  the  A  Croun  penetrated  to  d  depth  of  2.25"  in  the  crown  area  of  the 
track  «jnd  the  T  Croup  penetrated  to  a  uopth  of  1.75"  in  the  same  area.  At 

25  P3I  the  A  Croup  oenot rated  0.25"  evenly  across  track  and  the  r  Croup 
penetrated  to  depth  of  2.03"  in  tie  shoulder  area  of  the  track. 
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TEST  RESULTS  (Contd.) 

Table  V  sumnari/.es  the  calculated  influence  of  the  directional 
conventional  tire  (Group  A)  and  the  influence  of  the  nan-directional  radial 
ply  tire  (Group  F)  on  the  shallow  rnud  traction  of  the  "Goer"  Tanker. 

TABLE  V 


Maximum  Drawbar  and  Gradeability 


Inflation 

4  Wheels 

Driving 

2 

Whee Is 

Driving 

Group  A 

,  Group 

F 

Group 

A 

Group  F 

Pressure 

Do  8. 

Grade 

D;\3  o 

Grade 

Do  B. 

Grade 

D.Bo 

Grade 

55 

17950# 

25% 

11500# 

16% 

9600# 

13% 

6100# 

8% 

45 

15100 

21 

12200 

17 

8100 

11 

6500 

9 

35 

14350 

20 

13000 

18 

7700 

11 

6900 

10 

25 

13650 

19 

15800 

22 

7300 

10 

8400 

12 

15 

13650 

19 

17950 

25 

7250 

10 

9600 

13 

Inflation 

Maximum 

Drawbar 

and  Gradeability 

at  75%  Travel  Efficiency 

4  Wheels 

Driving 

2 

Wheels 

Driving 

Group 

A 

Group 

F 

Group 

A 

Group 

Pressure 

D.Bo 

Grade 

D.  B. 

Grade 

D.  B . 

Grade 

D.B, 

Grade 

55 

8200# 

12% 

2800# 

4% 

4300# 

6% 

1500# 

2% 

45 

8600 

12 

6500 

9 

4600 

6 

3450 

5 

35 

9200 

13 

7900 

11 

5000 

7 

4200 

6 

25 

10800 

15 

8600 

12 

5750 

8 

4600 

6 

15 

— 

11500 

16 

«■»«» 

6100 

8 

D. Bo  =  Drawbar 
Grade  =  Gradeability 
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TE'Vf  RL'jULT 3  (Contd.) 


Table  VI  summarizes  the  calculated  performance  of  the  "doer"  Tanker 
in  terms  of  maximum  traction  (maximum  performance)  and  at  75%  travel  efficiency. 


TABLE  VI 


4  Wheel  Drive  Comparative 

Performance  Ratings 

Maximum 

Performance 

(]  75%  Travel  Efficiency 

Pressure 

Group  A 

Group  F 

Group  A 

Group  F 

55 

100% 

64% 

100% 

33% 

45 

100 

80 

100 

75 

35 

100 

90 

100 

85 

25 

100 

115 

100 

80 

15 

100 

131 

—  — 
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TEST RESULTS  (Contd. 
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TEST  RESULTS  (Contd. ) 


Table  VIII  summarizes  a  comparison  of  vehicle  fuel  consumption  as  an 
index  of  tire  rolling  resistance. 


TABLE  VIII 


Average  Miles  r>er  Gallon 


Pavement 

Secondary  6  Cross-Country 

Over-All 

Group  A 

2.77 

1.9] 

2.18 

Group  B 

2.81 

2.05 

2.30 

Group  C 

2.68 

1.89 

2.14 

Over-All  Rating  %  Based  on  Average  Miles/Gallon 

Group  A  Group  B  Group  C 

100%  106%  98% 
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RECOMMENDATIONS 


The  scope  of  Project  20-1-110  has  generated  specific  conclusions  with 
respect  to  the  tires  and  vehicles  evaluated  during  this  program.  Deserving 
additional  investigation  to  satisfy  the  specific  questions  arising  from  the 
results  of  this  program  are  the  following: 

Tread  Wear  and  Durability 

The  directional  radial  ply  construction  (Group  E)  and  the  non-direct ional 
conventional  construction  (Group  D)  tires  should  be  subjected  to  additional 
durability  test  mileage  before  a  valid  performance  comparison  can  be  drawn  for 
all  tires  considered  in  Project  20-1-110. 


"Ride"  Evaluation 

The  "Goer"  Tanker  vehicle  exhibits  a  marked  improvement  in  "Ride"  over 
the  commercial  Model  "C"  Toumapull  "test  beds"  on  pavement  and  secondary  roads, 
but  not  over  cross-country  trails  with  the  inflation  pressures  recommended  for  the 
^floer1^  As  the  "Goer™  Is  equipped  with  a  central  self  inflation  system,  all  tires 
considered  for  "Goer"  application  should  be  judged  in  terms  of  cross-country  "Goer" 
ride  index  vs  inflation  pressure  curve  in  order  to  determine  each  tire  group's 
tactical  speed  limit  when  negotiating  cross-country. 


•  "Goer"  Mud  Traction 

In  shallow  mud  the  non-direct ional  radial  ply  tires  (Group  F)  were  found 
to  be  as  effective  as  the  directional  conventional  construction  (Group  A)  tires 
when  the  non-directional  tires  were  inflated  at  15  psig  and  the  directional  tires 
were  inflated  at  55  psig.  The  effect  of  this  marked  difference  in  inflation 
pressure  and  consequent  reduction  in  ground  contact  pressure  for  the  Group  F 
tires  should  be  measured  in  deep  mud  where  underbody  clearance  not  tire  traction 
may  be  the  factor  limiting  mobility.  The  directional  radial  tires  (Group  E)  and 
the  non-directional  conventional  construction  tires  should  be  evaluated  in  both 
shallow  and  deep  mud  to  determine  the  separate  effects  of  radial  ply  versus 
conventional  construction  and  non-directional  versus  directional  tread  on  mud 
traction.  The  influence  of  vehicle  configuration  should  be  assessed  under  these 
same  conditions  by  measuring  the  percent  effectiveness  of  the  "Goer"  rear  wheel 
drive  in  mud. 


DISPOSITION  OF  TIRES  SUBJECTED  TO  TEST 


Group  A,  firestone  Super  Ground  Grip  Goer  H.D.  Directional  (Control) 


Tire  Code 

Serial  Number 

Total 

Test  Miles 

Reason  for  Removal 

Replacement 

Tire 

Awl 

K  25300-14 

10,022 

Outside  shoulder  worn 
smooth 0 

None 

A- 2 

K  25300-18 

10,022 

Both  shoulders  worn 
smooth. 

None 

A- 3 

K  25300-15 

10,022 

Inside  shoulder  worn 
smooth. 

None 

A-4 

K  25300-16 

10,022 

Test  terminated  at 
this  mileage. 

None 

Group 

B ,  UoSe  Royal  Tactical  M.S.  Radial 

Ply  Construction  Non- Directional 

Tire  Code 

Serial  Number 

Total 

Test  Miles 

Reason  for  Removal 

Replacement 

Tire 

B-l 

EX  1808 

7,231 

Air  less  above  flipper. 

B-6 

B-2 

XT  1867 

10,876 

Air  loss  at  radial  crack 

.  B-7 

B-3 

GR  1122 

6,097 

Tread  separation  inside 
shoulder. 

B-5 

B-4 

GR  1351 

13,306 

Air  loss  at  radial  crack 

.  None 

B-5 

GR  1099 

7,209 

Test  terminated. 

None 

B-6 

GR  1177 

5,512 

Tread  separation  and 
air  loss  at  radial 
crack. 

Non-Test 

Spare 

B-7 

GR  1037 

2,430 

Test  terminated 

None 

DISPOSITION!  OF  TIRES  SUBJECTED  TO  TEST  (  Contd. ) 


Group  C,  Firestone  Super  Around  Grip  Goer  Directional 


Tire  Code 

Serial  Number 

Total 

Test  Miles 

Reason  for  Removal 

Replacement 

Tire 

C-l 

K  25500-5 

15,040 

Near  worn  smooth 
condition  outside 
shoulder. 

None 

C-2 

K  25500-4 

15,040 

Outside  shoulder 
worn  smooth. 

None 

C-  3 

K  25500-3 

15,040 

Test  terminated. 

None 

C-4 

K  25500-2 

15,040 

Test  terminated. 

None 

Group  D,  Firestone  NDMS 

Tire  Code 

Serial  Number 

Total 

Test  Miles 

Reason  for  Removal 

Replacement 

Tire 

D-l 

K  26400-5 

7,509 

Test  terminated. 

None 

D-2 

K  26400-4 

7,509 

Test  terminated. 

None 

D-3 

K  26400-1 

7,509 

Test  terminated. 

None 

D-4 

K  26400-3 

7,509 

Test  terminated. 

None 

Group  E,  U. S. 

Royal  Radial  Ply 

Construction  Directional 

Tire  Code 

Serial  Number 

Total 

Test  Miles 

Reason  for  Removal 

Replacement 

Tire 

E-l 

CD  1732 

2,541 

Test  terminated. 

None 

E-2 

CD  1706 

2,541 

Test  terminated. 

None 

E-3 

CD  1714 

2,541 

Test  terminated. 

None 

E-4 

CD  1658 

2,541 

Test  terminated. 

None 
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SUMMARY  OF  TIRE  TREAD  WEAR 


lo  Final 


Physical  Dimensions 


Tire  Group 

A 

B 

T) 

,E 

Total  Miles 

10,022 

13,305(i) 

15,040 

7,509 

2,541 

Cross  Section  Growth,  % 

lol 

0.7(2) 

1.6 

1.7 

0.0 

Outside  Diameter  Growth,  % 

0.1 

(3) 

0.6 

(3) 

0.2 

Final  Shore  "A"  Hardness 

57 

57(2) 

64 

62 

63 

Tread  Hear  at  Shoulders 


Tire  Grdup 

M  47 

- bT5T 

cCb; 

D 

t 

Mils  Loss,  Group 

9912 

3296 

8181 

3686  V,; 

i  1001 

Miles /Mil,  Group 

6.1 

29.9 

12.2 

16.3 

20,3 

Rating,  Group  (Based 

on  Miles /Mil) 

100 

490 

200 

267 

333 

Mils  Loss,  Front 

4256 

1414 

3385 

1724 

491 

Miles /Mil,  Front 

7.1 

35.4 

14.8 

17.4 

20.7 

Rating,  Front  (Based 

on  Miles /Mil) 

100 

499 

208 

245 

292 

Mils  Loss,  Rear 

5656 

1882 

4796 

1962 

510 

Miles /Mil,  Rear 

5.3 

25.7 

10.4 

15.3 

19.9 

Rating,  Rear  (Based  on  Miles /Mil) 

100 

485 

196 

2  89 

375 

%  Worn,  Group 

79.2 

31.0 

65.3 

32.3 

8,4 

%  Worn,  Front 

34.0 

13.3 

27.0 

15.1 

4,1 

%  Worn,  Rear 

45.2 

17.7 

38.3 

17.1 

4,3 

(1)  Tire  B-4  accumulated  13,306  test  miles  before  failure,,  All  other  original 
test  tires  and  one  replacement  tire  failed  prior  to  this  mileage,, 

(2)  Based  on  the  seven  samples  tested,, 

(3)  Due  to  tire  design  no  crown  measurements  could  be  taken  to  correct  Outside 
Diameter  on  these  groups. 

(4)  One  or  both  of  the  shoulder  measurement  areas  had  worn  away  on  three  of  the 
four  test  tires  at  10,022  test  miles.  Figures  shown  represent  wear  rates 
through  7,522  test  miles  (last  measurement  period  before  worn  smooth 
condition). 

(5)  Figures  are  based  on  the  performance  of  the  seven  tire  samples  at  the  last 
valid  measurement  period  of  each  tire. 

(6)  Figures  based  on  12,525  mile  measurement  period  due  to  one  tire  worn  smooth 
at  15,040  mile  measurement  period. 


SUMMARY  OF  TIRE  TREAD  WEAR  (Contd„) 


lo  Final  (Contd.) 

As  the  only  measurement  positions  common  to  all  tire  groups  tested  were 
the  shoulders  it  was  felt  that  a  basis  of  comparison  should  be  drawn  from 
these  data;  however*  even  this  must  be  weighed  by  the  fact  that  there  is  a 
wide  variation  in  mileage  between  the  individual  groups  tested  and  the  ratings 
even  though  based  on  miles  per  mil  are  on  a  total  mileage;  therefore,  the 
figures  do  not  reflect  a  true  figure  as  it  would  if  all  tires  had  run  equal 
mileso 

A  further  comparison  can  be  made  on  the  three  groups  of  tires  whose 
design  permitted  a  crown  measurement .  The  following  data  indicates  the  tread 
wear  across  the  tread  face  rather  than  in  the  fastest  wearing  area. 


Tire  Group 

Total  Miles 

Mils  Loss,  Group 
Miles /Mil,  Group 

Rating,  Group  (Baled  on  Miles/Mil) 

Mils  Loss,  Front 
Miles /Mil,  Front 

Rating,  Front  (Based  on  Miles/Mil) 

Mils  Loss,  Rear 
Miles/Mil,  Sear 

Rating,  Rear  (Based  on  Miles/Mil) 

%  Worn,  Group 
%  Worn,  Front 
%  Worn,  Rear 


Tread  Wear  at 

Shoulders 

and  Crown 

A 

C 

E 

7,522 

12,525 

2,541 

11351 

9861 

1594 

8.0 

15,2 

19,1 

100 

190 

239 

5179 

4347 

787 

8,7 

17,3 

19,4 

100 

199 

223 

6172 

5514 

807 

7,3 

13.4 

18, 9 

100 

184 

259 

61,3 

53,2 

8,9 

28.0 

23.5 

4.4 

33,3 

29,7 

4,5 
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jUMMAKY  •'!  TIKI.  T‘  A  Wi.AK  (Com,:.! 


2 .  3y  i'l.Tiod 


Tr**ad  wear  T»MSureivMt-,  are  bused  on  two  '■lion  l*:er  tkj  ,u  t  ervint  loc.it  ions 
on  t  he  3  ''roup  (II,  .,)  ti  res  .hi*:  *xi  t  *.  *  i  in,:  t  n  r#*:  .  *  1 1  ions  ,  t  w*  l«l*tr  .in  <3 

one  crown,  on  tne  A  un,i  ('  rr>.ur*s  ( f ' i  re*. tone  ) .  The  .milder  •>•  isurements  .1  re 
located  9  innws  each  aide  • . f  *  rows ,  .in.:  ire  takes  *,  position,  around  the 
circumference  of  the  tire.  The  A,  li  anc  1  ('routia  ire  •  "ip.ire,:  mi  the  :  .isis  of 
two  laeasurenrn  t  loe.it  ions  .111,1  trie  A  u:u.  C  '’roups  .ire  additionally  compared  on 
the  basis  of  three  mcjuuniwn  t  location;. 


Fi restone 

U.S. 

Tire  Group 

A 

(’ 

S 

Miles  J  Me as. 

'2,b20 

2 

,b20 

2  ,S20 

No.  of  Heas.  Locations 

2 

:i 

1 

A 

J 

2 

Mils  Loss  (Group) 

2239 

2  862 

84  6 

146b 

bB4 

Miles /Mil  (Group) 

9.0 

10.6 

23.  8 

20.  b 

34. b 

%  Worn  (Group) 

17.  J 

lb.'j 

6.8 

7.9 

b.b 

Mils  Loss  (Tront) 

103  9 

1416 

3b6 

719 

331 

Miles /Mil  (Front) 

■J.7 

13.  7 

28.  3 

21. d 

30. b 

\  Worn  (Tront) 

Mils  Loss  (Rear)  ' 

lb.  b 

**  l2°D 

lb..* 

1  *446 

b.7 

492 

7.  8 

746 

b.  3 

2b3 

Miles/Mil  (Rear) 

I'd.  b 

70. b 

20.  1 

39.8 

%  Worn  (Rear) 

Miles  •  Me as. 

00  19.1  lb. 7 

% 

c  i>  %027 

7.9 

b 

M.  1 

.  '72 

4.7 

b  ,022 

Mils  Loss  (Group) 

6u  1  ) 

..  •  7  7 

764  3 

3b0ii 

1243 

Milcs/Mil  (Group) 

6.7 

n,  l 

lb. 2 

17.7 

32.3 

*  Worn  (Group) 

48.  i 

17.7 

21.1 

1  8.  1 

11.7 

Mi  Is  Loss  ( P ront ) 

20b7 

dlrfU 

12  lb 

lb  •  1 

b  39 

Miles /Mil  (front) 

7.0 

J  • 

lo.b 

17.0 

33. b 

\  Worn  (  F ront ) 

4.’./ 

J4.  7 

19.4 

1 H,  2 

11.3 

Mils  Loss  (Hear) 

3J73 

3797 

1*4.14 

1  ri  1 7 

644 

Miles/Mil  (Rear) 

6.0 

7.  ' 

1  4 , 0 

lt> ,  6 

31.2 

t  Worn  (Rear) 

bu.  1 

41.  1 

22.  3 

19.0 

12.0 

Miles  )  Me  as. 

7,b22 

7, 

»b*'7 

7,49B(  1  > 

Mils  Loss  (Group) 

99  1  ? 

11  tbl 

43  18 

b'*04 

1808 

Miles /Mil  (Group) 

6.  1 

fl.O 

13.6 

lb.  8 

32.9 

%  Worn  (  GroupH  2 ) 

79.2 

6  l.  I 

14.  f* 

21.  » 

13.6 

Mils  Loss  ( Tront ) 

42  bb 

b  17  j 

IBM 

24  3  J 

944 

Miles/Mil  (Front) 

7.  1 

8.7 

10.0 

16.  1 

31.7 

\  Worn  in  Front^) 

34.0 

2b.  0 

lb.  d 

13. b 

7.  1 

Mils  Loss  (Rear) 

b6Sh 

ol  K 

24b  J 

2  lOb 

864 

Miles/Mii  (Rear) 

5.  J 

7.  1 

12.2 

Ib.b 

34.  1 

\  Worn  in  Kear^ 1  * 

4b.  2 

13.3 

19.6 

lb.  7 

b.b 

(1)  Due  to  tire  failures 

in  this  group  2 4  miles 

of  criv.s-i  1 

•untry  oper.it  ion  was 

lost  during  tire  replacement;  therefore,  these  f inures 

are  bus 

ed  on  b  t  i  res 

e 

(2)  %  Worn  »  Total  Mils  Loss  X  1J0 

Total  Mils  Available 
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SUMMARY  OF  TIRE  TREAD  WEAR  (Contd.) 


2,  3y  Period  (Contd.) 


Firestone 

G 

o 

00 

o 

Tire  Group 

A 

C 

B 

Miles  @  Meas, 

10,022 

10,022 

10,024(1) 

No,  of  Meas,  Locations 

1* 

2 

3 

2 

Mils  Loss  (Group) 

2429 

6210 

7551 

2549 

Miles /Mil  (Group) 

16,5 

12,9 

15,9 

31.5 

%  Worn  ( Group )^  2) 

40,5 

49,5 

40.8 

16,0 

Mils  Loss  (Front) 

1578 

2589 

3394 

1140 

Miles /Mil  (Front) 

12,7 

15,5 

17,7 

35,2 

%  Worn  in  Front^) 

26,3 

20,7 

18,3 

7,1 

Mils  Loss  (Rear) 

851 

3621 

4157 

1409 

Miles/Mil  (Rear) 

23,6 

11,1 

14,5 

28,5 

%  Worn  in  Rear^  2 ) 

14,3 

28,9 

22,4 

8,8 

Firestone 

UoS  0 

Firestone 

Tire  Group 

"im" 

D 

Miles  @  Meas. 

12,525 

12,527 

2,503 

No,  of  Meas,  Locations 

2 

3 

2 

2 

Mils  Loss  (Group) 

8181 

9861 

3296 

1357 

Mi las /Mil  (Group) 

12,2 

15,2 

29,9 

CO 

* 

rH 

%  Worn  (Group)(2) 

65,3 

53,2 

31,0 

11,9 

Mils  Loss  (Front) 

3385 

4347 

1414 

791 

Miles /Mil  (Front) 

14,8 

17,3 

35.4 

12,7 

%  Worn  in  Front( 2 ) 

27,0 

23.5 

13.3 

6,9 

Mils  Loss  (Rear) 

4796 

5514 

1882 

566 

Miles/Mil  (Rear) 

10,5 

13.6 

25.7 

17,7 

%  Worn  in  Rear(2) 

38,3 

29,7 

17.7 

5.0 

*  Some  shoulder  measurement  positions  worn  away,  negating  group  averages  for 
2  and  3  locations.  Figures  represent  crown  measurements  oily, 

( 1)  Figures  for  B  Group  based  on  6  tires, 

(2)  %  Worn  =  Total  Mils  Loss  y 

total  Mils  Available 

(3)  Figures  for  B  Group  based  on  7  tires. 
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SUMMARY  Of  TIRE  TREAD  WEAR  (Contd.) 


2 c  By  Period  (Contd0) 


Tire  Group 


Miles  @  Meas, 


Firestone 

C 

IS, 040 


u.  s, 

13,306 


Firestone 

P 

5,003 


No,  of  Meas,  Locations 


2 _  , _ 2 


Mils  Loss  (Group) 
Miles /Mil  (Group) 
%  Worn  (Group)(2) 


2161 

27.8 

36.0 


3296 

29.9 

31.0 


2286 

17.5 

20.0 


Mils  Loss  (Front) 
Miles /Mil  (Front) 

%  Worn  in  Front^) 


1146 

26.2 

19.1 


1414 

35.4 

13.3 


1185 

16.9 

10.4 


Mils  Loss  (liear) 
Miles/Mil  (Rear) 

%  Worn  in  Rear^^ 


1015 

29.6 

16.9 


1882  1101 

25.7  18.2 

17.7  9.6 


Tire  Group 
Miles  @  Meas. 


Firestone 

- 5 — 


7,509 


2,541 


No.  of  Meas.  Locations 


2  2  3 


Mils  Loss  (Group) 
Miles /Mil  (Group) 
%  Worn  (Group)(2) 


3686 

16.3 

32.3 


1001 

20.3 

8.4 


1594 

19.1 

8.9 


Mils  Loss  (Front) 
Miles /Mil  (Front) 

%  Worn  in  Front(2) 


1724  491 

17.4  20.7 

15.1  4.1 


787 

19.4 

4.4 


Mils  Loss  (Rear) 
Miles/Mil  (Rear) 

%  Worn  in  Rear  (2) 


1962  510 

15.3  19.9 

17.1  4.3 


807 

18.9 

4.5 


*  One  tire  in  group  had  shoulder  measurement  positions  worn  away,  negating  proun 
averages  for  2  and  3  locations.  Figures  represent  crown  measurements  only. 


(1)  Figures  are  based  on  the  performance  of  the  seven  tire  samples  at  the  last 
valid  measurement  period  of  each  tire, 

(2)  %  Worn  =  Total  Mils  Loss 

Total  "Mils"  Avai labie  * 
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SUMMARY  Of  TIRE  TLMPLRATURL:. 


Heat  Build-up  lilt  Ptrlod:  After  tire  inflation  pressures  had  bean  determined  tire 
trmad  temperature*  were  taken  for  six  consecutive  operating  days  immediately  after 
the  vehicles  had  completed  the  pavement  portion  of  the  day  shift  operation.  Pave* 
ment  tire  temperatures  and  pressures  for  the  2,520  miles  covered  by  1st  period  of 
operation  are  as  follows! 


Averages  of 

Tread 

Temps ratures 

(°D  and  Tire  Pressures 

(pslg) 

Tire 

Group 

A-rirestcne  Control 

B-U.S.  Rubber  Exp. 

C- Fires tone  Cxp. 

Vehicle 

C-T 

C-2 

psig  Cold 

Start 

r  . 

15 

B  25 

F  40 

R  25 

T  35 

R  25 

Pave 

Amb 

°r 

Pb1.1 

°r 

pslg 

°r 

p»1« 

•r 

°r 

.  ill 

U2 

do  id 

Lnd 

Tnc  Temp 

Cold  Lnd 

Inc  Temp 

Cold 

End 

inc  Test 

71 

55 

37  r 

36.1 

48.6 

12.5  164.2 

41.0  50.2 

9.2  148.0 

36.0 

47.8 

11.8  161. 

B 

26.0 

36.3 

10.3  177.7 

26.1  34.1 

8.0  155.9 

25.9 

34.8 

8.9  182. 

(1)  At  time  of  te^srature  measurement. 

(2)  At  cold  starting  time. 


Heat  Build-up  2nd  and  3rd  Periods:  Pavement  tire  temperatures  and  prtssurea  for 
5,6(55  miles  covered  by  these  periods  of  operation. 


Tire  Group 

Group  A 

Group  B* 

Group  C 

Maximum  “ire  Temperature 

230#T 

2 11°F 

224#F 

Average  Tire  Temperature 

199°F 

182°  r 

195°r 

Maximum  Tire  Pressure 

51  pslg 

53.5  psig 

58  psig 

(35  cold) 

(  40  cold ) 

(40  cold) 

Average  Tire  Pressure  Build-up 
(All  Tlree) 

13  psig 

il  psig 

13  psig 

Maximum  Ambient 

§7°r 

67®r 

67»T 

Average  Ambient 

60°  r 

60°F 

60*F 

tha 


*  275°F  maximum  at  aaparated  area. 

Notei  Average  tread  temperatures  for  secondary  road  operation  are  Group  A,  199#rj 
Group  B,  lBbTj  Group  C,  i89°r. 


SUMMARY^  Or  TIRE  TEMPERATURES  (Contd.) 

Heat  Build-up  4th  Period:  Pavement  tire  temperatures  and  pressures  for  the 
2,500  miles  covered  by  this  period  of  operation. 


Tire  Group 

Group  A 

Group  B 

Group  C 

Maximum  Tire  Temperature  °T 

220 

245 

205 

Average  Tire  Temperature  °F 

198 

203 

199 

Maximum  Tire  Pressure,  psig 

51.5 

56.0 

58.0 

Average  Tire  Pressure  Build-up 

(35  cold) 

(40  cold) 

(40  cold) 

(All  Tires)  psig 

13 

12 

14 

Maximum  Ambient  Temperature  °F 

70 

70 

70 

Average  Ambient  Temperature  °F 

62 

62 

62 

Heat  Build-up  5th  Period;  Pavement  tire  temperatures 
JT,&00  miles  covered  by  this  period  of  operation. 

and  pressures 

for  the 

Tire  Group 

Group  B 

Group  C 

Group  D 

Maximum  Tire  Temperature  °F 

265<i 2> 

240 

234 

Average  Tire  Temperature  °F 

209 

209 

213 

Maximum  Tire  Pressure,  psig 

52.0 

(40  cold) 

55,0 

(40  cold) 

52.0 

(40  cold)* 

Average  Tire  Pressure  Build-up 
(All  Tires)  psig 

11 

14 

12 

Maximum  Ambient  Temperature  °F 

83 

84 

83 

Average  Ambient  Temperature  °r 

82 

83 

74 

(1)  See  TEST  PATA,  3.  Tread  Temperatures  &  Tire  Pressures, 

(2)  Tire  pressures  were  originally  set  at  35  psig  front  and  25  psig  rear  (cold 
starting).  On  5/18/63  at  716  total  test  miles  tire  inflation  (cold  starting) 
was  increased  to  40,0  psig  front  and  30.0  psig  rear. 
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SUMMARY  OF  TIRE  TEMPERATURES  (Contd.) 


Heat  Build-up  6th  Periods  Pavement  tire  temperatures  and  pressures  for  the 
2,500  miles  covered  by  this  period  of  ope  rati  on  * 


Tire  Group 

Group  CU) 

Group  D 

Group  E 

Maximum  Tire  Temperature  °F 

200 

216 

2  56 

Average  Tire  Temperature  °F 

189 

203 

232 

Maximum  Tire  Pressure,  psig 

52  o  5 

56.0 

54.0 

Average  Tire  Pressure  Build-Up 

( HO  cold) 

(40  cold) 

(40  cold) 

(All  Tires)  psig 

11 

12 

11 

Maximum  Ambient  Temperature  °F 

55 

84 

84 

Average  Ambient  Temperature  °F 

55 

69 

69 

Heat  Build-up  7th  Periods  Pavement  tire  temperatures 
2,^00  miles  covered  by  this  period  of  operation. 

and  pressures 

for  the 

Tire  Group 

Group  D(i) 

Group  E(  1) 

Maximum  Tire  Temperature  °F 

233 

265 

Average  Tire  Temperature  °F 

216 

242 

Maximum  Tire  Pressure,  psig 

55.0 

55.0 

Average  Tire  Pressure  Build-up 

(40  cold) 

(40  cold) 

(All  Tires)  psig 

13 

12 

Maximum  Ambient  Temperature  °F 

76 

76 

Average  Ambient  Temperature  °F 

76 

76 

(1)  Tire  temperatures  were  only  taken  once  during  this  period. 
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TIRE  ROLLING  RESISTANCE  EXPRESSED  IN  MILES  PER  GALLON 


At  the  completion  of  three  measurement  and  rotation  periods  wherein  each 
tire  group  operated  one  period  on  each  vehicle  the  following  fuel  consumption 


data  was  compiled. 

Group  A 

Group  0 

Group  C 

Miles  per  Gallon,  Pavement 

2.77 

2.81 

2.68 

Rating 

100 

101 

97 

Miles  per  Gallon,  Secondary 

and  Cross-Country 

1.91 

2.05 

1.89 

Rating 

100 

107 

99 

Miles  per  Gallon,  Total 

2  o  X  8 

2.30 

2.14 

Rating 

100 

106 

98 

DRIVER  EVALUATION  Or  "RIDE"1  BY  TIRE  GROUPS 

The  first  driver  reaction  to  ride  by  groups  was  taken  at  the  end  of 
the  79500  mile  period;  wherein  each  driver  polled  had  driven  each  tire  group 
on  each  test  vehicle  thereby  eliminatinp  the  possibility  of  one  vehicle  influencing 
tire  ride0 

The  following  table  indicates  drivers  observed  rides 

Group  C  -  Best  on  pavement  and  secondary,. 

Group  B  -  Poorest  on  pavement  and  secondary 0 
Group  A e  Be  C  -  Equal  on  Cross-country <> 

The  next  poll  taken  was  at  the  108000  mile  point  and  was  a  rating  by  the 
drivers  of  the  three  tire  groups  on  the  courses  on  which  they  had  the  most 
driving  time0  Those  who  placed  the  B  Group  in  first  place  on  pavement  and 
secondary  qualified  the  rating  to  the  speed  ranges  above  or  below  that  in  which 
lope  was  developed,. 


Pre  Terence 

Pavement 

Secondary 

.Cross- 

“Country 

Driver  § 

1 

T 

3  4 

5  6  7 

T 

T 

3 

4 

T“ 

r 

2  3 

4 

Til 

1st 

B 

C 

-  c 

C  —  - 

c 

c 

A 

B 

B 

c 

A 

c 

-  C 

B 

-  c  c 

2nd 

C 

A 

-  B 

A  - 

A 

A 

C 

C 

A 

A 

C 

A 

-  A 

C 

-  A  A 

3rd 

A 

B 

-  A 

B  -  - 

B 

B 

B 

A 

C 

B 

B 

B 

-  B 

A 

-  B  B 

As  tire  groups  were  removed  from  test  and  substitute  groups  inserted  a 
final  observed  rating  was  necessary  covering  the  new  groups,, 

The  following  table  shows  a  tire  Group  r  which  was  of  similar  construction 
and  design  as  the  Group  B  tires  which  were  removed  from  test  prematurely  due  to 
failures! 


Pre  f  e  rence 
Priver  # 

1st 

2nd 


Pavement 

TT~r~4 


DE  DE 
F  F 


nn 

DE  DE  -  - 

F  F  -  - 


Secondary 

T-T'“3  '-iTT'Tr  7 


Cross-Country 

T"'"T""T  V  11  Y .  6  " '  f 


E  E  DE  E  EC  E  -  FE 

DF  DF  F  DF  F  DF  *  D 


ri  FE  -  FE  FE 
-  D  D  D  D 
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TEST  PROGRAM 


Test  Courses 


Pavement  Operation  -  The  first  week  of  test  operation  on 
pavement  was  conducted  on  Highway  95A  from  Silver  Springs 
to  the  Fort  Churchill  turnaround,,  This  provided  7,1  miles 
of  pavement  operation  per  turnaround;  however,  due  to  high 
lope  exciters  which  prevented  operation  of  over  1800  RPM„ 

5th  gear  at  the  Fort  Churchill  end  of  course  it  was  deemed 
necessary  to  eliminate  the  last  3,1  miles  of  the  original 
course,  and  a  new  turnaround  was  established  at  the  Weeks 
road  (secondary  test  course)  junction. 

After  6540  total  miles  of  pavement  operation  and  908  laps 
the  paved  course  (Ifl  from  Silver  Springs  to  Weeks  turnaround 
on  Highway  95A  deteriorated  to  the  point  that  a  course  change 
was  required. 

The  new  route  (#2)  on  abandoned  paved  highway  from  Silver 
Springs  to  junction  of  Highways  50  and  95  permitted  194  miles 
of  pavement  operation  per  shift  instead  of  the  104  miles  per 
shift  on  test  course  #1,  which  was  limited  by  Highway  Depart¬ 
ment  permit.  The  length  of  test  course  #2  permits  an  average 
vehicle  speed  of  25,8  MPH  as  opposed  to  24,5  MPH  on  test 
course  #1, 


Secondary  Operation  -  A  variety  of  courses  was  u#ed  throuph- 
out  the  test  clue  to  the  destructive  forces  applied  by  the 
vehicles  and  appressive  tire  desipns.  As  one  area  became  a 
lope  penerator  wherein  maximum  speed  could  not  be  sustained 
without  undue  forces  on  vehicle  and  driver,  an  identical  test 
area  was  used  to  permit  the  destroyed  course  to  be  maintained, 
A  noticeable  improvement  in  course  condition  developed  in  the 
third  2500  mile  period.  The  courses  appeared  to  be  "packinp" 
a  more  stable  surface  and  the  cause  is  attributed  to  the 
considerable  reduction  in  the  appressive  lup  penetration  of 
the  A  and  C  tire  proups  due  to  wear.  This  same  condition  was 
also  apparent  on  the  cross-countrv  course. 


Cross-Country  Operation  -  The  same  course  was  maintained 
throughout  the  test  with  the  exception  of  the  alkali  flats 
at  the  north  end  of  course  which  became  impassible  during 
rain  storms. 


The  following  map  indicates  test  courses  used  during  test  with  the 
exception  of  pavement  course  #2, 


-2  J- 


Best  Available  Copy 


i  ■*  i 

i 

'  I 


r:  f 


Available  Copy 


ri:JAi.  ••u,0RT 


Pro  ;c>;t  /vl-l-!|.l 


U’.fDor  Pitot  op.rir>:t 

p.ivcncnt  IXitorioraticii  of  Ccunu? 

ProilucmJ  :>v  thi  ■  in*:*."!  Cvrlic  Lxcit.it  ioiiu  of  To^t  Vchlclos 


l.owur  Pilot  c  pr..:'l> 

Toxtun*  of  Paveneut  .urf.icc  < \nirtv 


Best  Available  Copy 


Best  Available  Copy 


Best  Available  Copy 


l‘l  ! A L  Riil'OKT 


I'roloct  JO-  1-  110 


Uooor  Hiotopr.iph 

'iccono.iry  travel  Test  ('ourse  (Woeks  Road) 


l/5w:r  i’hot '  rr.iph 

rro.sa-Country  Test  Course  Hill  Section 


,t  Available  Copy 


TEST  PROGRAM  (Cuntd.) 


Test  Speeds 


Crjoss-Country  -  Maximum  allowed  by  test  course  and  vehicle 
conditions,  '  : 

,  ■ 

Gravel-Secondary  -  Maximum  allowed  by  test  course  and  vehicle 

conditions. 

Highway  -  Maximum  allowed  by  test  course  and  vehicle  conditions. 


Tire  Break-in,  Vehicle  operating  speeds  were  reduced  to  one-half 
of  required  test  speeds  for  first  16  hours  of  operation. 


Tire  Inflation  Pressures 

At  start  of  test,  tire  pressures  were  established  for  all  three  groups 
at  35  psig,  front  axle  and  30  psig,  rear  axle.  It  was  found  that  on  pavement 
and  secondary  road  operation  the  degree  of  lope  or  bounce  of  the  vehicles  was 
so  extreme  that  continued  operation  was  not  safe  for  personnel  nor  could  the 
equipment  withstand  continued  impact  of  the  G  forces  involved.  Tire  pressures 
were  varied  in  5  psig  increments,  front  and  rear,  at  cold  start  as  tabulated 
below,  until  a  combination  was  established  for  each  tire  group  that  would 
permit  safe  convoy  operation  of  the  three  vehicles  at  acceptable  speeds  for 
each  type  of  terrain,  . 


Tire  Group 


Miles  F  R  Miles  f  R  Miles  F  R 

446  35  30  359  35  30  446  35  20 

2074  35  25  30  30  2074  35  25 

35  ■  .'25  ' 

476  35  35 

,  35  ■'  45 

'  40  ;  '45 

'  50  45 

40  20 

1685  40  25 


On  4  March  1963  at  3267  test  miles  at  the  beginning  of  1st  shift,  tire 
inflation  of  the  C  Group  tires  was  raised,  at  the  manufacturer’s  request,  by 
5  psig  (40  front,  30  rear)  to  alleviate  fast  shoulder  wear. 

When  Groups  D  and  E  entered  the  test  program  the  tire  inflation  pressures 
were  established  at  40  psig  front  and  30  psig  rear  for  purposes  of  tread  wear, 
evaluation. 
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'ii  ri  PfCGRA"  (Contd.) 


Test  Vehicles 


Three  (3)  commercial  vehicles  were  loaded  to  simulate  a  "Goer”  Tanker 
GW.'  of  70-77000  lbs.  Axle  load  distribution  was  approximately  54%  front  and 
46%  rear.  Test  bod  vehicles  had  equivalent  torque  and  brakinp  characteristics. 
With  the  excention  of  failed  parts  replacement  the  vehicles  were  maintained 
throurhout  test  by  the  Nevada  Automotive  Test  Center  usinp  those  methods 
approved  by  the  vehicle  manufacturer. 


Vehicle  Weiphts 


Vehicle 

C-l 

c-2  : 

C-3 

"Goer"(D 

Front  Axle,  Lbs. 

38,800 

39,000 

38,400 

38,370 

Rear  Axle,  Lbs. 

32,000 

31,900 

31,000 

33,450 

Gross  Vehicle  Weipht 

70,000 

70,900 

69,400 

71,820 

Left  Rear,  Lbs, 

16,000 

16,000 

15,000 

-- 

Ripht  Rear,  Lbs. 

16,250 

16,200 

15,600 

— 

32,250 

32,200 

30,600 

(1)  Goer  vehicle  was  used  in 

enpineerinp 

studies  and  not 

on  tire 

durability  tests 
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REPRODUCED  FROM 
BEST  AVAILABLE  COPY 


TEST  PKOftKAH  (Contd.) 

Test  Mi  leaps 

Under  the  orisinal  teat  directive  eacn  proup  of  tires  wan  to  be  run 
20,000  miles  divided  as  follows: 

201  -  Cross-Country 
'*0%  -  .econdary  Crave  1 
40*  -  Hiphway 

The  following  taole  indicates  the  miles  accuriulated  and  tverape  miles 
per  hour  in  each  period  througnout  tost. 


Highway  Secondary  Cross 

Pavement  Crave 1  Country  Total 

Pe riod  Croup3  Hun  Miles  Avp, K^lf  Miles  Avp.MPH  m! les  A vr, MPlf  Miles  Avp.HPH 


1st 

A,B  L  C 

1,000 

21.9 

1,000 

19.  1 

520 

9.2 

2,520 

16.3 

2nd 

A, B  £  c 

1,000 

24.4 

1,002 

20.7 

500 

B.9 

2  ,502 

17.4 

3rd 

A,B  6  C 

1,000 

22. 7* 

1,000 

19.9* 

500( I) 

9,6 

2  ,  500 

17.1 

4th 

A,B  t  C 

'  1,000 

25.7 

1,000(2) 

21.7 

>00(2) 

9.  b 

2,500 

18.3 

5th 

B.C  L  0(3) 

1,00J 

23.5** 

1,000 

23.1 

500 

9.2 

2,503 

17.6 

6th 

Hi1 2 3 4 5 6*)  c(!>) 

0  £  E<  6) 

1,000 

25.7 

1,000 

21.7 

500 

J.9 

2,500 

18.5 

7th 

DEL 

1,00b 

i  e  1 

1,000 

2J.4 

500 

J.7 

2  ,50b 

18.8 

(1)  B  Rroup  tires  accompl isne>.  '*7b  miles  of  cross-country  due  te  tire  failures. 

(2)  B  Rroup  tires  accomplished  b24  miles  of  cross-country  and  1,092  miles  of 
secondary. 

(3)  D  p.roup  replaced  A  prou:>  .it  start  of  tnis  rwriod  due  to  worn  smooth  condition 
of  A  Rroup. 

(4)  B  proup  terminated  durim  tnis  oerioo-rvo laced  with  Rreup.  A  errun 
accomplished  358  miles  pavement,  .'00  miles  secondary  and  lbl  miles  of  cross¬ 
country  for  a  tota;  of  77 J  miles. 

(5)  C  Rroup  due  to  ride  and  lorn*  study  accomplished  1,015  miles  navement,  1,000 
miles  secondary  and  5du  miles  cross-count rv  for  a  total  of  ?,5)>  miles  this 
period. 

(6)  E  Rroup,  which  replaced  ri  rroun,  started  test  in  the  mi  ,<ile  of  i,t!i  period 
and  finished  in  the  micdl.  ol  7th  period.  This  proun  accomn  1  i sn.-d  1,013 
•lies  pavement,  l,u2t>  miles  secondary  ami  502  ••  i  les  cross-count  rv  for  a 
total  of  2 ,541  mi les. 

*  Average  speed  reduced;  \U  speed,  21  hours  ureak-in  of  rcr laecnent  d  proup. 

**  Average  speed  reduced;  1/2  speed,  16  hours  break-in  of  new  D  proun  tires. 
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TEST  P  ROC  HAM  (Cor'itd.) 

Test  Mileage  (Contd.) 

The  following  table  indicates  the  test  miles  accumulated  by  each  tire 
under  each  of  the  three  conditions. 

%  of  .  ■  %  of  %  of 

Tire  Highway  Total  Secondary  Total  Cross-  Total  Total 

Code  Pave  Miles  Miles  Crave  1  Miles  Miles  Country  Miles  Miles  Miles 


A-l  4,000  40  4,002 

A-2  4,000  40  4,002 

A- 3  4,000  40  4,002 

A- 4  4,000  40  4,002 

B-l  3,000  41  2,784 

B-2  4,406  40  4,342 

B-3  2,374  39  2,539 

B-4  5,361  40  5,264 

B-5  2,907  41  2,725 

B-6  2,141  39  2,220 

B-7  955  39  922 

C-l  6,018  40  6,002 

C-2  6,018  40  6,002 

C-3  6,018  40  6,002 

C-4  6,018  40  6,002 

D-l  3,009  40  3,000 

D-2  3,009  40  3,000 

D-3  3,009  40  3,000 

D-4  3,009  40  3,000 

E-l  1,013  40  1,026 

E-2  1,013  40  1,026 

E-3  1,013  40  1,026 

E-4  1,013  40  1,026 


40 

2,020 

20 

10,022 

40 

2,020 

20 

10 ,022 

40 

2,020 

20 

10,022 

40 

2,020 

20 

10,022 

39  . 

1,447 

20 

7,231 

40 

2,128 

20 

10,876 

42 

1,184 

19 

6,097 

40 

2,681 

20 

13,306 

38 

1,497 

21 

7,209 

40 

1,151 

21 

5,512 

38 

553 

23 

2,430 

40 

3,020 

20 

15  ,040 

40 

3,020 

20 

15,040 

40 

3,020 

20 

15,040 

40 

3,020 

20 

15,040 

40 

1,500 

20 

7,509 

40 

1,500 

20 

7,509 

40 

1,500 

20 

7,509 

40 

1,500 

20 

7,509 

40 

502 

20 

2  ,541 

40 

502 

20 

2,541 

40 

502 

20 

2,541 

40 

502 

20 

2,541 
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Firestone  Super  Ground  Grip  Goer  Directional 


TEST  PROGRAM  (Contd.) 


Test  Tire  Measurements 

The  following  measurements  were  taken  and  recorded  prior  to  start 
and  at  every  2300-2500  miles  of  tire  travels 


Outilde  Diameter 

Shore  Hardness  -  3  places 

Tread  Depth  -  6  places  inside  and  outside 

Tread  Cutting  (number  and  total  length)  minimum  2”  length,  1/4*  side- 
wall  and  to  fabric  in  tread 
Cross  Section  -  3  places 

Contact  Print  -  30  psip  on  right  front  tire  each  group  at  start  of 
test 


Tire  Rotation 

At  End 
of 

Test  Period 

Tire 

Miles 

Accumulated 

■  ‘  .  If  v  •  ■  ■  . 

/;■" %  v>'  yMj;'  ;  .. 

Rotation  Schedule 

Tire  Groups 
Affected 

till 

2  ,520 

Vehicle  to  v*hicle-fixed  wheel  4 
position.. 

A,  B,  C 

n 

2,502 

Diagonally  front-to- rear-vehicle 
to  vehicle. 

A,  B,  C 

#3 

2,500 

Vehicle  to  vehicle-fixed  wheel 
position. 

A,  B,  C 

#4 

2,500 

Vehicle  to  vehicle-fixed  wheel 
position. 

a,  c,  d 

#5 

2,503 

Vehicle  to  vehicle-fixed  wheel 
position. 

B,  C,  D 

#6 

2,500 

Vehicle  to  vehicle-fixed  wheel 
position. 

D,  E 

#7 

2,506 

Test  Terminate 

Additional  Tests 

Due  to  test  termination  prior  to  the  20,000  mile  limit  it  was  considered 
advisable  to  investigate  two  phenomenons  which  occurred  during  the  test.  A 
noticeable  difference  in  the  "ride"  characteristics  between  tire  groups  was 
found  and  an  observed  deficiency  of  the  non-directl onal  radial  construction  tires 
in  shallow  mud.  These  conditions  were  further  investigated  by  means  of  instrumen¬ 
tation  and  are  covered  in  Appendix  A  "Ride  Study"  and  Appendix  B  "Shallow  Mud 
Traction". 


SUMMARY  OF  FUEL- CONSUMPTION  BY  TIRE  GROUPS 


Group  A  Tires 


Gallons 


Pavement 

Off- Road 

Total 

Fuel 

fuel 

Fuel 

1st 

Period,  0-2520  Miles,  Vehicle  C-l 

361.2 

782.3 

1143.5 

2nd 

Period,  2520-5022  Miles,  Vehicle  C-3 

370.2 

788.1 

1158.3 

3rd 

Period,  5022-7522  Miles,  Vehicle  C-2 

352.0 

791.6 

1143.6 

4th  Period,  7522-10022  Miles,  Vehicle  C-l 

360.0 

723.9 

1083.9 

Total 

1443.4 

3085.9 

4529.3 

Miles  per  Gallon 

2.77 

1.95 

2.21 

Rating 

100 

100 

100 

Group  B  Tires 

1st 

Period, 

0-2520  Miles,  Vehicle  C-2 

371.8 

728.9 

1100.7 

2nd 

Period, 

2520-5022  Miles,  Vehicle  C-l 

362.4 

745.2 

1107,6 

3rd 

Period, 

5022-7498  Miles,  Vehicle  C-3 

332.2 

707.3 

1039,5 

4th 

Period, 

7498-10024  Miles,  Vehicle  C-2 

329.2 

726.3 

1055.5 

5th 

Period, 

10024-12527  Miles,  Vehicle  C-l 

336.0 

655.1 

991.1 

6th 

Period, 

12527-13306  Miles,  Vehicle  C-3 

120.7 

216.0 

336.7 

Total 

1852.3 

3778.8 

5631.1 

Miles 

per  Gallon 

2.89 

2.10 

2.36 

Ratingi  D 

104 

108 

107 

Group  C  Tires 

1st 

Period,  0-2520  Miles,  Vehicle  C-3 

377.9 

787.8 

1165.7 

2nd 

Period,  2520-5022  Miles  Vehicle  C-2 

390.9 

813.9 

1204.8 

3rd 

Period,  5022-7522  Miles,  Vehicle  C-l 

349.8 

789.7 

1139.5 

4th 

Period,  7522-10022  Miles,  Vehicle  C-3 

344.8 

773,0 

1117.8 

5th 

Period,  10022-12525  Miles,  Vehicle  C-2 

356.6 

686.4 

1043.0 

6th 

Period,  12525-15040  Miles,  Vehicle  C-l 

355.4 

730.4 

1085.8 

Total 

2175.4 

4581.2 

6756.6 

Miles  per  Gallon 

2.77 

1.97 

2.23 

Rating(  1) 

100 

101 

101 

(1) 

Ratings  are  based  on  the  Group  A  (Control) 

average  miles  -per  gallon 

■  0 

consumption  during  the  four  periods  they  ran. 
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SUMMARY  OF  FUEL  CONSUMPTION  BY  TIRE  GROUPS  (Contri. ) 


Groun  D  Tires 


Gallons 

Pavement 

Off-Road 

Total 

Fuel 

Fuel 

Fuel 

Sth  Period,  0-2503  Miles,  Vehicle  C-3 

352.0 

bB2 . 9 

1034.9 

6th  Period,  2503-5003  Miles,  Vehicle  C-2 

318.2 

701.1 

1019.3 

7th  Period,  5003-7509  Miles,  Vehicle  C-l 

334.7 

703.6 

1038.3 

Total 

1004.9 

2087.6 

3092.5 

Miles  Per  Gallon 

2.99 

2.16 

2.43 

Rating^  ^ 

108 

111 

110 

Group  E  Tires 

6th-7th  Period,  0-2541  Miles,  Vehicle  C-3 

333.5 

739.9 

1073.4 

Total 

333.5 

739.9 

1073.4 

Mi  les  per  Gallon 

3.04 

2.07 

2.37 

Rating(l) 

110 

106 

107 

(1)  Ratings  are  based  on  the  Group  A  (Control) 

average  miles 

per  gallon 

consumption  during  the  four  periods  they  ran. 
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VEHICLE  DURABILITY 


The  three  Model  ''C"  Tournapulls  used  in  this  Tire  Durability  Test  to 
simulate  the  Army  C,oer  Vehicle  experienced  a  minimal  parts  mortality  recordo 
Other  than  normal  vehicle  service  and  preventative  maintenance  the  following 
table  indicates  all  failures  experienced  during  test. 


Mileage 


Veho 

| 

Date 

@ 

Failure 

Description 
of  Failure 

Cause  of  Failure 

Disposition 

0=1 

3/11/63 

4,799 

Cable,  Apron, 
broken o 

Believed  that  apron 
limit  switch  was 
misaligned. 

Replaced  cable 
aligned  limit 
switch. 

0=1 

4/5/63 

8,431 

Cab  Bolt,  right 
front  missing. 

Unknown, 

Replaced, 

0=1 

5/17/63 

10,725 

DC  charging  rate 
low. 

DC  Rectifiers, 

Replaced, 

0*1 

5/27/63 

12,292 

DC  charging  rate 
low. 

Flux  bridge  not 
property  adjusted. 

Installed  shims 
flux  bridge. 

0=1 

6/12/63 

18,309 

DC  charging  rate 
low. 

Deficient  coil  in 
transformer. 

Replaced  trans= 
former. 

0=2 

4/5/63 

8,431 

Hose,  Air  Tank 
Outlet,  leaking 

Ruptured, 

Replaced, 

0=2 

6/4/63 

16,341 

Can  Arm  Ball  Cap, 

Unknown, 

Replaced, 

right  ,  2  cap  screws 
broken o 


0=2  6/4/63  16  ,341 


0=2  6/8/63  17  ,609 


Wheel  Studs 9  left 
missing  (Wheel  came 
off  bending  brake 
drum ) o 

Points  s,  Steering 
Relay 9  left,  bwm= 
ed  and  not  making 
contact  „ 


Wheel  Studs  not 
properly  tightened,, 


High  resistance. 


Replaced  brake 
drum 9  tapped  wheel 
stud  holes  and 
replaced  wheel  stuc 

Replaced  left  stees 
ing  points o  Note; 
Points  had  been 
dressed  several  tin 
prior  to  replace mer 


C=3  3/30/63  7,522 


Cable,  Can  Hoist 9 
flattened  and 
frayed. 


Rubbing  against  can 
sheave  side  plate 
due  to  being  laced 
incorrectly,, 


Replaced  cable  and  j 
laced  correct ly0 


0=3  4/2/63  7  ,777 


Hose 8  Rear  Brake, 
main  line  broken  at 
brass  fitting., 


Unknown  c 


Replaced,, 
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VEHICLE  DURABILITY  (Contd.) 


Veh. 

# 

Date 

Mileage 

0 

Failure 

Description 
of  Failure 

Cause  of  Failure 

Disposition 

C-3 

4/5/63 

8,517 

Pin  t  Bearing, 

Apron  Sheave, 
damaged. 

Believed  that  apron  Replaced  pin  and 
cable  forced  through  bearing.  Welded 
sheave  while  looped,  torn  section  of 

sheave  side  cover. 

C-3 

6/8/63 

17,600 

Points,  Steering 
Relay,  left  burned 
and  not  making 
contact.. 

High  resistance. 

Replaced  left  steer¬ 
ing  points.  Note: 
Points  had  been 
dressed  several  times 

prior  to  replacement. 


.  TIRL  MilA.'.UMIMCNT  SUMMARY 


Best  Available  Copy 


<i  a.  5  ooo 
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Ilea/Mil 
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<°85  l  U.Q 


761 
2.6  10 


£  * 
* 


HIIHBHI1MI 

limaiEinniiHEHl 

iPiiiiiaimiiiiM 


$ 

H 


*  ■  *  *  j 


lilllllllllEII 
liilllllilliSlil 


*  n 

X  BP 


Hiiiiiilii8iiimiiBiilii8iiimiii 
pillElllllllliEli^^^H 

■miamiiiiiiiiill 


■HI 


30(,  f  1+.7 


'  I  "\  j  i  r 

ill; 

1  1  ! 

i  i  i  i 

i  i  i  i  f  i 

?  i_  .  j  \  .  j 

!  {  ;  .  i- 

l  |  -  1 _  - ~  ; 

U  1 

5  "'V  •  I 

J  !  :  J . 1 

■  i  ••  i  ■ 

vl;J  1  i;l  ! 
i  r  t  i  i  i 

I'OSS  .  ._Miles/Mil_  -i  Mo r 


( ”1  I  i  lXi 

T~~i — f~T"T 

i  TIT 


e  \ 

U  l«> 


illiBBliiilBMEBIliililMMiW 

HllilKHIIIillilllUIIIIH 


DC 

•H 
-  <8 
to  o. 


1  *■ 
tt  . 

*4 


o!  w  C-  <5, 
o  f;  a  £  * 
io|>o  —  Km^ 

-1-0  -lo 


;  mnnin  nmmiiiiii 

■■HiiiiHHiimsmB— 

BiiBiiiaiaiiiBuniiimiBniii 

pSllliiniiiiiill9il8SH^ 

MBBMlBaiBiBBBIIHIBimi 


Z-OGSSZ * 


€'1‘|  *P'OA 


ililllllllllllll 


•I  j  | 

m‘sj 


BHininn 


IS! 


!!  ii  I iiiiiiiiimimminaU 


5l*l- 


IfUIIIII 

liBBBMBMIliliil 


m\ 


_2.t-L.i- a  ^  ^ 

uJ 


ss  / l  g 


UCU'l 


IlilllllllllElllllll 

HHIIIIIIIIEIH 


hi 


i| 

* 

I  ■ 


i 
** 

ft 

II 
&  ♦* 
.3 

Is 

ii 


liiHuiiiiiiiimiiimiiiimiii 


IH 

w|  + 

tl: 

ri* 


■IM 


«»  H  H 

s<„ 


£  ST 

Hi 


i|i 

si? 


is 


*■ 

ev^ 


IIS' 


115 


v  7  « 

JI3  *2 

«*  «  X 


Igigilliillimillllllllllilllll 


ft 
6  £ 


F 


BISlieillElimillllllllllllllllllll 


► 


EU 


ill 


i 


jgyggyMjHg 

HU 


*1 


•  H 

]>< 

111 


sis 

8  IJ 


mwMMwnnHffi 

gimHWIMillWBBI 
ai—MIIUBIMIIllHM 


H 


II  ils 


ElIHEIIIEEIllEEIIIllllllllllIllii 


|P. 

ft* 

In 

|  £  u  »» 

ip 

I  i 

•5  ? 

it?  • 

II  f 
|i- 

*  t  • 

sl-: 

Pi 

li. 

Si  I 

IP 


IEI 


SI  III  III 
II  III  III 


iiiii  in 


llllllll 


: 


in  u  u  ii  iminmn 
m  i  s  i  inuiimiRTi 


K1 


rnmNnummiimmi 

Mill  IfflUHIHIUji 

MBHinniini  mm 


In 


pi 

Hi 

i 


r*  •  r  • 


is  m 


iSIIHIgilliEllllllillllllllllllll 

■iiHHBiittmimiHiiiiiiiiiiiii 


<f}  Si 

s 


¥ 


Q  S.  «, 
U  M, 


5  ** 

ill 


,  Owt  2  OuWct*  shovtcl&v- 


S~Sl£ght  M-NoSim  S*-8«WI. 

«d  Spile#  rv-r»«t  v««r  rt~mt  spot 


J.1  COoChwnhout  MA-ttorn  Amy  TP-To,  NTF-Mot  To  Fabric.  V8-V«ry  Slight  8-SUfht  M-tfediua  Se-8ev«r«.  OIMMfc 
Sips  T«cr  SET'Sipa  Cod  T«ar  TBT-Ti®  Bor  Tmt  IV-lvv&tl**  tteer  T8~Tro»d  Spile*  fH-FPet  Kear  FS-Flet  Spot 
T  a  T®«  >Jc*A\ew*Si«  C-l,  C.-^JC*“5  ut«  «*out.t>«rfc  ©wr  •  OvrreioC  S^euUift. 


TlUg  CONDITION  t  SimWf  MQ06ES  TMHSftttTATlflN  1MC. 

rlr*  Group _ §, _ Hfgr.  DttCfip.  ,U.S>  ~Dfc*U»U  -'^AT)\AL 

rir«  Sis*  ».g -if  P.R.  \jU_..  Rib*  _LiUa_  Typ* _ F..-3tek  Rotation 


C/3 

CD 

CQ 


•*4 

c 

\A 

U 


* 

o 


6 

•  •4 

M 

1 

w 

l 

•» 

l 

•i 

.3 


I 

U 


r-> 

si) 


f'* 

04 


u 

H 

.n 

•N 

04 

o 

04 

A 

1 

o 

n 

i 

i 

1  si- 

o« 

« 

1 

i) 

r ' 

s> 

r  * 

T'' 

O' 

•-I 

♦ 

l 

i  ■* 

—4 

1 

* 

-  -4 

4 

-  4 

r-4 

"> 

o 

o 

•A 

sA 

o 

o 

u  I 

• 

» 

t 

• 

• 

• 

• 

• 

w 

c 

|  • 

* 

i  ^ 

-4 

«<4 

1 

•  4 

-  4 

••-4 

CO 

Ts 

T' 

o 

1 

i 

1  -  ■« 

H 

*  4 

1 

*-~4 

•-4 

*->4 

H 

m 

n 

sD 

a 

E 

S 

O' 

r* 

V 

o 

'  1 

r~> 

>1) 

ao 

A 

O 

sA 

n 

'I 

O 

O 

H 

, 

• 

• 

O* 

04 

• 

• 

« 

4 

« 

» 

• 

i 

I  X) 

si? 

si) 

• 

o 

0* 

O' 

* 

■A 

sA 

■H 

n 

■»l 

i 

i 

1  CA 

«n 

ro 

1 

04 

3 

3 

3 

ro 

A 

rA 

* 

L. 

■) 

o 

c> 

■  > 

o 

r  ) 

O 

“3 

O 

o 

*0  , 

• 

• 

• 

«• 

« 

• 

• 

* 

*-* 

1 

l 

I  X) 

«n 

*a 

1 

D 

si) 

sD 

x> 

si> 

si? 

►  a 

1 

« 

1  o. 

04 

04 

1 

rn 

rA 

o* 

04 

04 

o> 

^  4 

04 

o> 

* 

H 

04 

PA 

1 

1 

1 

1 

1 

1 

l 

« 

KJ 

U 

VJ 

U 

u 

O 

o 

nJ 

u 

rl 

sA 

o 

CD 

o 

i 

i 

O' 

si) 

v© 

i 

h*  1  * 

i 

« 

♦—4 

-4 

—4 

i 

o 

o 

»A 

VJ| 

• 

• 

• 

C  |  l 

• 

i 

o 

—4 

O 

i 

>-l  i 

i 

i 

•M 

*■4 

»4 

i 

(Li 

s© 

O 

In 

O' 

& 

o 

O 

sA 

CD 

CD 

•  *-4 

h 

• 

• 

• 

04 

04 

l* 

1  * 

• 

i 

sA 

X) 

sA 

i 

''v 

n 

» 

i 

• 

m 

o 

n 

i 

04 

wO  O  ®  ^  *A  fsi  »/> 
^  /»  3  *X>  *A  v©  *A 


o  %a  o  »a  o  o 

•  •it** 

h  r>  ^  «»  *a  o* 

•  4  H  «»4 


O 

o 


»A  O  *A  »A  O  O  O 
•  ••••«* 
h  h  «—4  j  ^  t/)  n 
y»  y>  u)  f*>  m  n  f 


M 

u 

o 

O 

o 

* 

• 

• 

• 

M  1  1 

1  sA 

sA 

«A 

KA  i  • 

1  04 

4^1 

04 

? 


»n  *a  o  o  o  o 
•  <•••• 
o  o  si)  si)  si?  r> 
3  3  c*  Ot  04  r> 


ot  r+S  3 

ll  II 

-n  -n  *n  eft 


-4  04  *>  * 

ii  ii 

•t)  m  m  ft) 


i? 

9 


• 

e 

w 

> 

u. 

o 

*1 

1 

• 

o  Q 

•  O'  &  CD 

• 

H  A  C4  O)  i/> 

«D  sO  4)  «i>  tO 

Si 

9 

HI 

1 

• 

1  ^  H  H 

1 

H  H  H  H  H 

-4  ^ 

VI 

vt 

—4 

* 

c: 

•«4. 

->  o  o 

o  o  o  o  o 

O  O 

c 

1 

1 

•  •  • 

•  CO  ®  • 

1 

•>  •  •  •  • 
—4  H  H  A  CJI 

•  « 
o 

b. 

•  • 

«l 

1  1 

1 

1 

• 

-4  *4  ,A 

t 

i. 

A 

• 

A 

o| 

si) 

<A 

o 

vO 

O 

•«4 

| 

'v 

O' 

1 

'Sk 

o* 

h 

r* 

u 

• 

o  o  o 

JO 

CO 

o  o  o  o  o 

o  o 

TJ 

04 

•Sk 

04 

•-4 

«| 

1- 

1 

1 

*  •  « 

1  A  n  A 

1 

04 

V 

04 

•  •  •  •  * 
O'  O'  k/  a 

sA  H 

8 

04 

n 

I 

1 

I  A  A  A 

1 

04 

9  9  9 

A  9 

e 

u. 

M 

u 

1 

o  o  o 

u 

u. 

O  A  O  O  O 

o  o 

3 

0 

I 

*  •  • 

0 

0 

•  •  4  •  • 

•  • 

*4 

1 

i 

M 

• 

• 

I  A  A  *A 

• 

o 

00 

kO  si)  si?  i>  si) 

si?  -« 

*1 

9 

i 

| 

1*1 

1  1 

1 

1  -N4  04  04 

1 

A 

li> 

A  A  A  (>(  M 

04  A 

• 

u 

•4 

T3 

w 

a. 

f 

04 

*H  04  r>  3 

8 

S 

*-• 

1 

< 

1 

< 

1  1 

II  II 

r  <  <  < 

U 

w 

< 

H 

* 

* 

t 

h 

f. 

r) 

o 

i. 

c 

• 

-4 

u 

tfl 

►» 

C 

• 

►» 

C 

8 

?  i 

fV 

C 

« 

M 

c 

• 

»-» 

c 

8 

M 

6 

u 

A. 

S:? 

1c 

d 

A 

s 

•  ■  4 

1  * 

.-4 

r 

• 

3 

• 

^4 

••4 

i: 

•  *4 

< 

?: 

«• 

a 

U. 

U. 

ou 

•  • 
Cfe  or 

>  ft.  fc  > 
<  J  K  < 

4 

Of 

> 

< 

• 

M 

3 

••4 

r 

•H 

f 

< 

S! 

•0 

a. 

4 

« 

u.  u  >  a  .  ac. 
J  J  .  <  J  DC 

M  H 
>  ► 
<  < 

Original  Payment  Coursa  Opr  at  ion  (104  milts  pa  r  shift)  (Contd. ) 


in  cm  O'  oo  o  ct>  zr 
eo  (d  oo  r~  co  co 


CO  f-t 
O  CM  lO  CM 
I  'V  H 

o  h  n 


E  in  o  o  o  o  in  ?n 

V  (8  O  »  O  H  O  51 

h  H  N  H  (M  (N  N  H 


in  m  in  o  o  in  o 

CM  CM  CM  «T»  o  cn  «-t 


in  in  m  o  o  in  o 
H  •••••«• 
oo  oo  cd  in  io  m  cm 
"v  j  j  s  n  n  n  j 


o  o  o  o  o  o  o 


tO  10  lO  10  to  10  1-M 

CO  CO  P0  CM  CM  CM  CO 


CO  <T> 
10  Oi 
CO 

CO  & 


o  m  m  o  m  m  o 

0  ^  S’  H  H  H  CO 


O  m  in  o  in  in  o 


J  ^  ^  H  H  ^  OD 

in  in  in  ^  ^  »  s 


o  o  o  o  o  o  o 
•  •••••• 

o  o  o  o  o  o  in 
i  s  j  n  n  n  n 


U-  El  in  in  m  in  in  in  in 

o  v|  co  co  oo  m  id  io  b 

f-  |  »-M  I  H  H  H  H 

m  o  m  o  o  o  o 

ioi  ••••♦•• 

IC 1  O  O  O  (71  >H  O  O 


m| 

1  »H 

H 

r—4 

c-H 

rH 

y-*s 

<N 

CN 

w 

cn 

H 

o. 

CO 

cr> 

•x> 

<N 

e 

lO 

CD 

1 

H 

tk 

0) 

m 

o 

in 

o 

O 

o 

O 

V. 

CO 

O 

H 

O 

•H 

H 

• 

• 

c 

• 

• 

.  • 

• 

00 

St 

V 

10 

r-4 

rH 

H 

in 

IX> 

\ 

CO 

o. 

Cl' 

m 

in 

m 

co 

co 

CO 

CO 

oinoo^oC'C- 
<-»  o  o  t"  lD  lO  oo 

(Nl  CM  N  H  H  H  H 

o  in  m  o  o  o  o 

®  •  •  •  •  •  e 

H  H  >H  91  (M  H  H 


o  in  in  o  o  o  in 
•  •••••• 

rl  H  H  5  C  Ifl  n 

in  in  in  co  co  co  & 


o  o  o  o  o  o  o 
•  •••••• 

H  H  H  Ifi  ID  U)  9 
3-  a-  0  CM  CM  CM  CO 


o  o  o  o  o  o  in 

•  •  •  •  •  s  • 

§0  o  m  in  m  cm 

t  i-  CM  cm  cm  n 


r*  in  id  in  o  co  s 

f —  C~  t —  CO  (7^  CTl  00 


O  Cl  C  CM  CO  00  C 

oo  oo  cr>  oo  oo  oo 


CO  r-» 
CO  10  Cm 
I  V 
O  -*  CO 


H  • 

to  CO 


0 

4-i 

u 

V 

4^ 

C 

(S 

• — l 

c 

V 

o 

in 

0) 

E 

V 

•H  v 

0) 

•H 

0) 

u 

X  4-* 

rH 

£ 

> 

*r"4 

v  to 

■H 

TO 

f— 

>  Q 

XT 

< 

O- 

o  in  in  o  o  o  o 
in  in  m  co  co  co  0 


o  m  in  o  o  o  o 
•  •••••• 

H  H  H  ^  CT' 

l/)  i/)  id  fo  n  (0  i 


o  o  o  o  o  o  o 

a  a  a  a  a  a  • 

oD  U)  4)  UD  U)  U>  H 

CO  CO  fO  (N  fN  (N  CO 


h  (n  cn  * 

i  I  •  • 

<  <  <  < 


m  o  o  m  o  in  o 
•  •••••• 

cn  4-  co  o  o  o  cn 


in  o  o  u*>  o  m  o  *-» 
•  «•••••(* 
r*  oi  oo  m  in  in  cn  • 
r>  co  co  *  0 


f*.  u.  ooooooo 

oo 

0  oo  inminmintno 

in  id  n  n  ci  cm  cm  cm  n 


u.  u.  >  oo  oo  >  > 
j  os  <  j  on  <  < 


M  or  or 
u.  u.  >  o:  o:  >  > 

_.j  &-.  <  j  o:  <  < 


Revised  Pavement  Course  Operation  (194  miles  per  shift) 


* 

CO 

0 

<H 

rH 

» — 1 

1 

a> 

0 

Of 

u 

V 

O 

0 

•c-4 

v>, 

Oo 

U  E  MNifl  O  O  O  lO 

O  V  (T1  71  71  CD  OQ  OD  CO 

( — 1  t— I  i-H  r-N  i~4  rH 


o  o  o  O  O  in  o 

®  •  ®  •  •  •  • 

i/tin  in  o  n  h  ft 


o  o  o  o  o  *n  o 

e  •  o  o  •  •  • 

1/1  in  1/1  o  cl  iH  ao 

ji  ui  in  i  J  J  i 


0000000 


o  o  o  o  o  o  in 
3  3  3  O  <*)  try  ro 


3  ro  (N 

•  I  II 

uo  u  u 


* 

co 

u>  en 

^  <N 
O 

CN  <£> 


H  ffl  O  Cl  CO  CD  (Tl 

•H  O  H  CO  (J1  «  (31 

N  (N  nt  H  rt  i-t  4 


o  o  o  0  0  o  in 

•  •  •  •  o  •  • 

r~  t-~  r~  c*>  in  3  in 


o  o  o  o  o  o  m 

•  •••••• 

co  co  cd  ^  io  in  h 
in  in  in  3  3  3  in 


0000000 
•  •••••• 

H  HH  rl  H  H  lO 
3  3  3  CO  n  CO  CO 


3  m  cn  <-4 

11  11 

u  a  00 


U.  E  cn  O  cO  o  in  ao  r- 

0  0  O'  O  CD  Is-  iD  ID  O' 

(-•  •— I  0>|  •— I  •— I  •— I  ■— t  f-l 


Homoinoi 

H  O  O  «  00  00  01 
(N  (N  CN  H  rH  H  H 


in 

0 

0 

0 

in 

0 

in 

in 

in 

0 

uo 

n 

m 

uo 

■o 

0 

• 

• 

0 

e 

e 

e 

• 

# 

# 

0 

0 

0 

0 

0 

c 

c 

0 

*H 

H 

O 

cn 

O 

0 

CO 

CN 

ro 

O 

0 

0 

rH 

0 

* 

1 — N 

f-H 

rH 

rH 

•H 

*H 

« 

♦H 

rH 

H 

rH 

rH 

rH 

rH 

« 

* 

4-> 

CO 

CO 

0 

0 

rH 

a 

0 

a> 

CO 

N 

cH 

6 

S 

CN 

-a 

1 

CD 

ID 

or 

0 

in 

O 

O 

O 

in 

O 

0 

#H 

O 

in 

in 

O 

in 

in 

in 

UO 

m 

u 

rH 

in 

•H 

H 

• 

e 

e 

e 

• 

0 

e 

CN 

0 

e 

0 

0 

0 

0 

0 

0 

V 

W 

0 

•H 

rH 

in 

:* 

in 

3 

X 

CO 

CN 

CO 

iD 

10 

ID 

* 

Q 

CO 

O- 

"V 

n 

uo 

m 

co 

CO 

CO 

CO 

in 

in 

uo 

co 

CO 

CO 

* 

6 

i.  ooooooin 

*TJ  «••#**• 

o  o  o  0  0  0  cn 

IT)  i  i  ^  (N  CN  (N 


OOOOOOO 

«■»■••• 

O  o  O  <X>  t£>  00  CO 
3  3  3  CM  CM  CN  CO 


U 

& 

CN 

0 

10 

uo 

O 

CO 

cn 

0 

O 

0 

O 

0 

CO 

cn 

♦i 

0 

a 

rj> 

0 

on 

t" 

CO 

00 

CO 

CN 

CN 

cn 

cn 

cn 

0 

0 

h 

rH 

CN 

rH 

*H 

rH 

rH 

rH 

CN 

CN 

CN 

•H 

rH 

»H 

CN 

0 

0 

O 

O 

UO 

UO 

O 

0 

uo 

O 

0 

0 

0 

O 

O 

0 

O 

0 

0 

0 

0 

0 

0 

0 

• 

0 

0 

0 

• 

0 

• 

C 

* 

UO 

X 

CN 

CO 

ro 

CO 

0 

0 

0 

CN 

rH 

CN 

CO 

« 

M 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

«H 

rH 

rH 

*H 

rH 

* 

« 

-0 

ro 

CO 

• 

0 

ID 

rH 

On 

10 

cn 

U- 

0 

CN 

'x 

*H 

E 

X 

CN 

O 

C 

1 

cn 

ID 

0) 

O 

O 

in 

UO 

O 

O 

UO 

•H 

0 

O 

0 

0 

0 

O 

O 

O 

0 

4-» 

CJ 

«H 

UO 

•H 

h» 

0 

• 

0 

‘  0 

0 

0 

0 

CN 

0 

0 

• 

0 

0 

0 

0 

• 

0 

N 

tn 

cn 

O 

cn 

h 

ao 

CO 

co 

X 

O 

O 

O 

ao 

r- 

0 

3 

CN 

•a 

CO 

a 

•o» 

UO 

3 

CO 

CO 

CO 

CO 

0 

0 

0 

CO 

0 

ro 

3 

0 

tU  OOOOOOO 

0  «•••••• 

4-1  in  in  in  in  in  in  0 

n  ro  co  00  CN  CN  cn  rt 


U.U.  oooooon 
o  o  «««»•*• 
3  cn  in  m  m  id  id  id  o 

10  t~~  CO  CO  CO  CN  CN  CN  CO 


-*t  cO 

CN 

rH 

3- 

fO 

CN 

rH 

6 

l  9 

1 

( 

| 

| 

1 

1 

<*  0C 

< 

< 

< 

< 

< 

< 

■p 

0 

JC 

0 

3 

•M 

a 

0. 

0 

0 

4-» 

c 

u 

3 

4-> 

c 

(0 

3 

C 

In 

0) 

V 

c 

0 

m 

0 

4-> 

c 

0 

0 

—4 

e 

rH 

c 

a) 

u 

<v 

c, 

c 

0 

In 

« 

14 

H 

u 

cn 

a> 

U- 

X 

u 

tn 

0 

e 

U- 

oc 

CJ 

0 

•H 

0) 

a ) 

•r-< 

a> 

• 

0 

0 

0) 

0) 

•H 

0 

• 

• 

• 

u 

x: 

4~» 

rH 

> 

0- 

tx 

or 

-M 

rH 

> 

Of 

OC 

n— , 

•  r 4 

*0 

•H 

e 

U  U- 

> 

<x 

X 

> 

> 

•H 

0 

U- 

u. 

> 

(X 

X, 

> 

> 

-I 

H 

> 

O 

< 

a- 

0: 

*c 

x 

< 

< 

0 

< 

a. 

a: 

< 

-3 

X 

< 

< 

^ — • 

one 

ig  «  6  I 

2  £  $£ 

A  M 

0  0  CN 


< 

5Z 

Q 

HI 

c/J  I 

U 

H 


■a 

8 

o 


m 

1 

3 

in 

M 

2 

Du 


1! 

m 

l 

3 

« 

U 

V 

0) 

H 

•o 

« 

l 

H 


« 

2 

3 

O 

"I 

c 

2 

2* 

f0 

a. 

T3 

0) 

(/> 

> 

0) 

a: 


u 


■ft 

•ft 

<€ 

ro 

iD  00 

04  ^  o 

8  JO  3 

O  (N  iD 

\ 
ro 


O 

U  T: 

o  o 

H 


uo 

cr> 


0  0  0 


H  to  00  (JI  CT»  <T>  3 

O  O  <T>  CH  cn  O 

(N  N  fN  H  H  H  (X 


O 

jo 

jo 

o 

in 

o 

in 

in 

in 

in 

in 

o 

I  u! 

1  o 

o 

o 

o 

0 

T> 

o 

o 

o 

o 

o 

© 

o 

•ft 

e 

4© 

cO 

cO 

04 

If 

(ft 

cr> 

•ft 

r- 

r- 

O- 

O' 

CD 

00 

■ft 

|^i 

i  r“4 

«H 

H 

H 

H 

H 

H 

■ft 

H 

H 

H 

■ft 

1 

•ft 

ro 

ro 

iD 

00 

1 

a 

cO 

CT» 

H 

V 

o 

£ 

V 

CD 

0 

lH 

3 

oc 

0) 

O 

in 

in 

in 

O 

o 

O 

cO 

CD 

jo 

in 

in 

in 

in 

o 

O 

CN 

<£> 

•H 

H 

o 

o 

o 

o 

0 

c 

0 

04 

ID 

o 

0 

© 

© 

o 

o 

*x. 

w 

CD 

CD 

X) 

04 

■f 

O 

O 

O' 

O' 

O' 

00 

00 

ro 

a 

rv 

in 

jo 

jo 

It 

If 

in 

n 

ro 

cn 

in 

in 

ro 

ro 

ro 

-M 

t- 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

H3 

o 

e 

o 

o 

0 

0 

0 

0 

o 

o 

o 

o 

© 

4J 

o 

Q 

o 

o 

O 

O 

n 

O 

o 

O 

o 

o 

o 

C/1 

3 

if 

if 

co 

ro 

ro 

ro 

If 

if 

If 

<o 

ro 

CO 

O 


T> 

V 

If 

0 

ro 

fl 

04 

0 

H 

0 

3 

0 

ro 

0 

04 

0 

^4 

0 

8 

CJ 

U 

o 

a 

CJ 

CJ 

a 

U 

o 

,-v 

>*-i 

Oi 

•H 

f* 

U- 

in 

o 

CO 

<T> 

o 

in 

iD 

CO 

I? 

V) 

0 

a> 

O' 

CD 

O' 

0 

0 

0  0 

(T> 

cr> 

CO 

<n 

CT> 

ai 

H 1 

H 

H 

H 

0 

0 

0  O 

H 

H 

r-4 

H 

H 

H 

H 

u 

K. 

U 

o 

O 

n 

in 

o 

in 

O 

O 

n 

JO 

uo 

O 

JO 

1 

0 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

0 

o 

c 

CO 

04 

04 

O 

o 

O  0 

CO 

04 

CN 

H 

O 

f— ) 

H 

<n 

■ft 

•ft 

1 

1--4 

H 

H 

H 

H 

H 

H  0 

■ft 

•ft 

H 

H 

H 

H 

H 

H 

H 

t) , 

CO 

ro 

H 

iD 

00 

aJ 

id  ai 

ro 

V 

o 

£ 

X  00 

£ 

£t> 

0 

CJ 

n 

3 

o: 

0J 

o 

O 

n 

in 

o 

in 

iD  vD 

O 

O 

in 

uo 

JO 

O 

O 

-» 

04 

cD 

•H 

t- 

o 

© 

o 

o 

0 

o 

CN  CD 

0 

o 

o 

o 

o 

o 

o 

i# 

H 

X 

w 

CO 

cs« 

04 

in 

in 

uo  o 

X 

CO 

04 

04 

iD 

JO 

iD 

If 

ro 

n. 

?ryi 

in 

n 

n 

CO 

ro 

ro  b 

ro 

in 

in 

jo 

ro 

ro 

ro 

■M  | 

g 

t- 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

UO 

ftJ  j 

o 

o 

© 

o 

0 

o 

o 

o 

© 

0 

0 

o 

o 

4-»] 

o 

O 

o 

n 

n 

cn  o 

o 

o 

o 

UO 

JO 

JO 

CN 

P 

ns 

co! 

if 

if 

3 

04 

<N 

04  0 

if 

If 

3 

04 

CN 

04 

ro 

t- 

* 

if 

in 

CN 

H 

if 

in 

04 

H 

o 

0 

0Q 

fl 

co 

0 

m 

0 

CQ 

CD 

0 

CD 

0 

CD 

0 

CD 

t-H  L. 

o  o 
r-  o 

JO  O' 


in 

0 

o 

0 

0 

0 

0 

04 

0 

0 

0 

uo 

uo 

o 

o 

o 

G 

o 

0 

CO 

3 

0 

04 

CO 

H 

H 

0 

H 

H 

JO 

JO 

O 

o 

o 

t> 

o 

o 

CO 

<T> 

0 

O' 

00 

If 

3 

0 

CO 

CO 

o 

O 

O 

o 

o 

0 

© 

© 

o 

o 

JO 

JO 

in 

JO 

JO 

ro 

ro 

ro 

04 

04 

3 

co 

CN 

H 

0 

0 

0 

fi 

< 

< 

c 

< 

0  0 


•ft 

•ft 

■ft 

co 

lO  cr> 
^  00 
iD  <wO 
04  iD 

N. 

co 


U-  U 

o  o 

^  C4 

iD  O' 


o  cn  io  lo  r**  u>  h 

'-4  04  H  O  O  O  H 

tN  (N  (N  (N  (N  OJ  fN 

o  jo  m  o  o  jo  o 

O  O  0  Q  O  O  O 

^  >n  in  N  n  (N  i 


o  o  tn  o  a  in 

o  o  o  o  o  ©  o 

o  <-»  ©  co  —•  co  3- 

in  in  i«  n  m  r>  3 


o  o  o  o  o  o  in 


id  ifl  m  iD  lO  ID  o 
m  m  m  m  <n  in  n 


3  ro 
«  0 

<  < 


CN  —» 
«  0 

<  < 


a 

3 

0 

U 

0) 

<-* 

cr 

H 

C 

U 

t/) 

O 

V 

•H 

a> 

0) 

•*4 

i. 

v* 

» — t 

•H 

K 

*r4 

n 

H 

> 

Q 

< 

c 

2 

0) 

> 

nj 

a. 


4-» 

G 

6 

t* 

3 

o 

ft3 

0 

c 

t- 

U 

W 

c 

u. 

a: 

e 

w 

8 

o 

o 

0 

a> 

o 

•H 

a> 

CiT 

©r 

D. 

4~» 

H 

•i 

> 

u- 

U- 

> 

cc 

a: 

> 

> 

•H 

CO 

ct: 

< 

-4 

a: 

< 

< 

O 

ST 

< 

a. 

c 

o 

u 

u. 


u.  ©-  >  o;  a: 

►j  oi  «c  _)  a:  <  < 


o. 
1-  3 

m  o 

41  U 

o',  cr 

t5  & 

>  > 


«  « 


Taken  10  1/2 


I  M 

g  1  r~  ■— 0  00  O  <D  O 

o  <u!  rs  ^  N  H  tN  ^  (N 

h  CM  CM  N  (N  (M  N  N 


<C 

«# 

m 

lO 

lO 

V 

iO 

r> 

a' 

Oi 

•H 

V 

w 

co 

Om 

If  CO  CM  <-( 

e  o  01 
o  o  u  o 


El  CO  >-0  C'  t"  in 

d)j  o  CD  <D  oo  cn  cd  cn 

h  CM'-H'-t'-M'-H'-t'-l 


in  o  cd 
e  o  i  ao  ct>  cd 
o  o  t  --o  •“ • 


•K 

ro 

iX> 

CO 

\ 

co 

0 

<X> 

r- 

u 

CM 

iD 

•H 

V 

W 

r> 

o. 

o 

C  0  1 

t-M  0  0 


* 

« 

CD 

iX>  in 

iO  r- 

CM  CD 


I  0  t  I  0  0 

0  0  0  I  1  0 


0  I  0 
0  0  0 


M 

<0  1 

*j  OS  0  0 

t/>  I  0  0  10 


0  0  0  0  1 
0  10  0  0 


a 

U-  E  00  O  -3"  O  CD  O  CM 

O  S)  O  M  ^  O  H  H 

(—  CM  CM  CM  CM  CM  CM  CM 


•to 

« 

•8 

co 

co  r- 

CM  —  <H 

I  co  c~ 

U  (M  lO 


u.  u 

$>  £ 

cO  f~ 


n 

P 

o 

*-> 

(4 

a> 

4-j 

c 

o 

C— ^ 

c 

o 

a) 

E 

V 

•H ♦ 

ft) 

•H 

0) 

u 

x: 

*-» 

« — < 

-9 

> 

a) 

a? 

»rH 

E 

(Cl 

t- 

> 

o 

y: 

-< 

a. 

c  0 

n  I  0 


l+>  I 
|  u  1 
m  I 

l*-*  1  0  ® 

CO  I  S  0 


fc>  o 
•  U  l»- 
V  «  o 

c  u  r- 

8  c  CO 
8  w 

C  O  C 

5  c  co  "O 

Zl™  & 

o  l*  »*-.  o 
U  O  -H 

SOI 

e  «  > 

tzi% 

CO 

r  c 

cm  a  «  o 

c  -rO 

HV  O  v 

-o  no 

O  T)  I- 
Hin  D  1 

x:  o. 


o L  DC  tt 

L-  U.  >02  00  >  > 

j  a:  <  J  K  <  < 


4-* 

c  c 

4) 

4-* 

c 

u 

0)  « 

4J  CO 

c 

0 

ifl 

M  M 

U 

c 

ft) 

E 

V 

m  ns 

•i -t  o 

w 

ft) 

£ 

u 

3L 

H  E* 

H  Z 

ft) 

ft) 

•H 

ft) 

o 

0 

H 

A 

> 

or 

D3 

« 

»c 

•H 

% 

m 

u 

> 

oc, 

> 

•«  ■» 

^  - 

o 

< 

a. 

oc  < 

A 

VC 

< 

■8  * 

W' 

nmd  TewpT«tuP»«  and  Tlra  Pro— up—  (Ccntd. ) 


t-  £  LOCN^-r-tniDo 

o  V  ooocr>a>cr>o 

H  fN  W  H  H  H 


o  ^  n  tn  to  01 
o  o  o  <r>  cr»  cn  a> 

(N  (N  ^  ^  H  H 


* 

« 

« 

m 

in 

00 

cD 

00 

1! 

•■v 

r-f 

CJ 

3 

V 

3 

00 

C»  *H  0  0 

r-«  0  0 


E 

OCS©  O  O 


n  i/i  I  o  n 

t/1  t/>  o  3  3 


\T>  ID  t  H  CN  8 
•H  i-H  0  H  >“*  0 


iO  f-  i  n  n  s  t 

I  i  J  i  « 


©  e  o  o 

<-*  <-9  1  H  H  0 

3  3  i  n  n  t 


3-  ro  CN  »-4 

it  t  g 

o  o  u  o 


« 

« 

m  io 
(n  uj  tr> 


CD  O  3 
N 
3 


a 

U 

E 

rH 

00 

m 

CD 

in 

CM 

00 

m  m 

in 

3 

oo 

00 

10 

0 

V 

ao 

ao 

00 

o 

rH 

<y> 

CO 

00 

00 

o 

o 

H 

H 

H 

CM 

CM 

CM 

e- 1 

H 

r-4 

r-*| 

CN 

CM 

CM 

cH 

O 

,  O 

O 

O 

O 

O 

in 

m 

o 

° 

© 

o 

o 

o 

0 

© 

0 

c 

<N 

o 

e 

H 

o 

0 

0 

CM 

o 

8 

• H 

g 

0 

■H 

1  H 

H 

0 

H 

H 

8 

0 

rH 

H 

8 

r-4 

rH 

8 

0 

a 

CO 

a> 

E 

10 

CO 

DC 

a) 

O 

O 

O 

O 

H 

O 

in 

in 

O 

•H 

H 

o 

o 

0 

0 

3 

00 

© 

o 

© 

o 

V) 

00 

H 1 

0 

r- 

10 

0 

0 

00 

H 

fl 

r- 

10 

0 

0 

a 

rD 

in 

iO 

8 

00 

oo 

0 

8 

* 

in 

in 

0 

CO 

00 

fl 

8 

I  lO  ifi  I  9 
9  C*  (N  8  8 


*H  *-H  9  10  ID 
3  3  D  (S  (N 


* 

« 

e 

o 

10 

U3 

o 

H 

DC 

3 

ao 

•H 

v. 

3 

cv 

U-El  in  o/  91  i/l  i/l  i/l  N 

o  ©J  oi  o  oi  ffl  co  a  oi 

H|  ^  (N  ^  H  H  H  H 


o  o  o  o 

C  0  0  0 

CN  3  9  rH  H  (I  8 

•~t  >H  1  H  >-<  8  0 


(O  O  B  O  O  in  91 
O  CM  H  O  O  O 
INN  «  (N  N  N  OI 


O 

O 

o 

o 

N 

H 

o  o 

in 

o 

© 

© 

o 

© 

3 

00 

* 

© 

© 

o 

ao 

o 

0 

r- 

8  0 

N 

<y» 

o 

8 

oo 

a» 

0 

0 

in 

0 

00 

CO 

t  0 

* 

in 

cO 

ro 

8 

0 

o 

o 

o 

o 

u 

u. 

o 

o 

o 

o 

o 

© 

© 

© 

0 

o 

© 

o 

o 

0 

10 

£ 

0 

10 

10 

8  0 

o 

in 

a> 

10 

8 

10 

10 

I 

o 

00 

CO 

0 

CM 

CM 

e  o 

r- 

00 

CO 

CO 

8 

CM 

CM 

6 

0 

CO 

CM 

<H 

3 

CO 

CM 

H 

8 

0 

8 

0 

0 

9 

l 

0 

< 

< 

< 

< 

• 

<  < 

< 

< 

o  *■* 
V  V  «j  c 

H  c  © 

o  <n  «  E 

•H  «  «  •*  © 

-C  4J  ■— I  ^  > 

©  fJ  -H  E  <0 

>  Q  a:  <  a. 


o  ©  o 

W  bf  Of 

U.  U.  >  OC.  Of  >  > 

J  O'.  <  _J  «  <  < 


o  ♦-> 

♦-»  9->  C 

tn  «  S 

©  ©  •*  « 

-H  ^  > 

3  ‘H  t  I) 

arid 


o:  or  or 

l_  u.  >  a  a  >  > 
j  oc  <  J  d  <  < 


Taken  10  1/2”  from  crown  center 
Taken  5  1/4”  from  crown  center. 


* 

eo 

to 

(O 

s 

CN 

(O 

o 

CN 

1 

*H 

o> 

o 

*V. 

3- 

o. 

e 

o 

CN 

tO 

O 

O 

u n 

to 

in 

00 

CN 

O 

o 

O 

— * 

0) 

o 

cn 

cr» 

o 

On 

<T> 

cn 

o 

cn 

O 

o 

o 

o 

o 

H 

CN 

rH 

*H 

CN 

rH 

H 

r-i 

CN 

Hi 

CN 

CN 

CN 

CN 

CM 

lol 

O 

• 

O 

• 

1 

o 

• 

tn 

• 

» 

tn 

• 

O 

• 

o 

• 

in 

• 

• 

1 

c 

tn 

lO 

1 

CN 

CN 

1 

1 

<o 

CO 

1 

tn 

co 

1 

1 

M 

*H 1 

*H 

H 

H 

rH 

rH 

rH 

rH 

]§■ 

GC|«  O  O 
■H  If-1  •  • 


l*-  U- 

o  o 

o  o 
t-  cn 


in  lO  I  CM  CM  I 


fc-  o  o  o  o 

fQ  •  •  |  •  • 

X*  O  O  I  o  o 

to  -*  it  ro  co 


* 

* 

CO 

to 

in 

00 

CM 

o 

H 

» 

<H 

o> 

o 

co 

ID  CO 
^  CT1 

cm  in 
•H  O' 


10  oo  j  in  n 
in  m  3  3 


o  o  o  o 

•  •  I  •  •  I  I 

o  o  IOO  I  t 

3  3  co  co 


Uc  E  oococnminocM 

o  «  O  t-~  01  r-t  :*  CO  --H 

H  fM  H  H  fS|  (N  (N  (N 


o  o  o  in 

•  •  I  •  •  I  i 

3  -t  I  -H  O  t  I 


(X 

6 

K  0)  o  o  o  m 

•h  (-*  *  •  i  •  •  t 

cn  =f  m  i  r~  io  i 

<X  in  in  co  co 


t-  o  o  o  o 

ro  ••»••!» 

v  o  o  i  id  to  •  i 

in  ^  ^  CM  CM 


co 

id  in 

•v  m 
cm  m 
•— t  in 


o  in  oo  oo  in  cm  in 
occoocmno 

(N  H  H  IN  CM  CM  IN 

o  o  o  o 

•  •  I  •  .  I  I 

10  :*•  I  CO  CO  I  » 


10  i  l  01  Oft 
in  in  no 


O  o  o  o 

•  •  »  •  •  I  I 

O  O  I  10  lO  I  I 

3  3  CM  CM 


"O  > 

g  & 


& 

u 

e 

o 

CO 

CN 

CO 

CN 

CO 

tn 

* 

CD 

tO 

o 

o 

O 

00 

o 

« 

CD 

CD 

CD 

CO 

a> 

CO 

CD 

o 

O 

o 

rH 

•H 

rH 

O 

H 

H 

*H 

*H 

»H 

H 

rH 

rH 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

O 

O 

o 

in 

O 

tn 

O 

o 

Ol 

• 

• 

1 

• 

• 

« 

1 

• 

• 

1 

• 

• 

1 

| 

41 

e 

cO 

ro 

1 

rH 

CN 

1 

• 

to 

to 

1 

in 

tO 

1 

1 

$ 

M| 

H 

•H 

rH 

*H 

rH 

rH 

rH 

rH 

CO 

CO 

to 

in 

a 

to 

r- 

o> 

e 

^v. 

o 

o 

H 

or 

ai 

O 

o 

O 

tn 

CN 

to 

o 

tn 

O 

O 

rH 

cn 

♦H 

H 

• 

• 

1 

• 

• 

1 

1 

rH 

CO 

• 

• 

1 

• 

• 

1 

1 

\ 

in 

00 

00 

1 

1 

1 

rH 

rH 

1 

o 

rH 

1 

t 

X 

a. 

7V 

* 

CO 

co 

in 

in 

* 

4-» 

t»  o  o  o  o 

Itf  ••(••II 

m-»  in  >n  i  (0  in  i  i 

tn  o  o  CM  CM 


m  o 

U 

*- 


3 

CO 

CN 

rH 

* 

cn 

t 

1 

| 

1 

l 

i 

4) 

< 

< 

< 

< 

0) 

< 

< 

4-» 

V 

<T 

fTJ 

a 

Q 

M-* 

D. 

o 

4-» 

C 

a. 

3 

O 

♦-» 

c 

4-» 

c 

0 

45 

O 

*-» 

4-* 

0 

C 

$ 

l. 

<y 

t> 

c 

m 

* 

(h 

cn 

V 

B 

U- 

a: 

c 

cn 

0) 

U- 

4) 

*H 

0) 

• 

e 

• 

(D 

a> 

•H 

4) 

• 

• — 1 

> 

or 

0 

0. 

4^ 

rH 

& 

> 

tv 

•H 

B 

45 

U. 

u 

> 

or 

> 

> 

4J 

03 

a- 

u. 

> 

s: 

c 

0. 

.J 

a. 

< 

*~3 

a: 

«r 

«r 

Q 

ar 

< 

a. 

oc 

< 

Taken  10  1/2"  from  crown  center 


f-  1  o 
tn I  • co 
W  | 

HI 


* 

U 

U 

rH 

O 

o 

CM 

CO 

»H 

o 

(X) 

CO 

a 

to 

V 

c 

H 

O 

•H 

0) 

tn 

a; 

c 

0) 

•H 

i 

4> 

x: 

4-» 

rH 

-9 

> 

a> 

•H 

E? 

ns 

> 

Q 

r 

< 

a- 

U-  CT>  CM  lO  O  CO  CM 

O  0)  (NfOrOHHHf^ 
Hi  CM  CM  CM  CM  CM  CM  CM 


C0 

CO 

in 

m 

t 

u- 

0 

DC 

0 

in 

er 

u 

H 

s 

in 

c* 

o 

#H 

•H 

w 

a 

CO  00  a 
CO  CO  § 


MOO  irt  o 

ITS  |  o  o  o  o 

4-»j  i/>  m  o  vn  in  o 

CO  I  CO  CO  8  Ot  CM  8 


ro 

lO  CM  U.  U. 
03  O  O 

~i  o  ro  (N 

(N  H  2)  H 
S  *H 

in 


CXI 

EE  j  in  o  oo  in  in  o  <T» 

0)  CT>  O  CTi  O  CT>  O  CT> 

H  |  H  (N  H  (N  H  (N  H 


m  a  co  in  § 
in  in  0  3-  X  8 


CO 

in 

CM 

u. 

U- 

**»v» 

H 

0 

0 

*H 

o 

X 

m 

CM 

iH 

ao 

rH 

in 

H 

rH 

V 

H 

o 

O 

o 

o 

ns 

o 

e 

o 

o 

o 

o 

0  ^ 

in 

co  | 

3 

3 

8  CM 

CM 

3 

CO 

CM 

rH 

9 

0 

0 

0 

o 

a 

a 

CO 

in 

* 

u 

u 

*H 

\ 

o 

o 

0 

0 

CO 

CM 

CO 

rH 

Of 

o 

»H 

in 

O 

rH 

<n 

00 

•H 

m 

a 

o  m  co  o  in  ro  in 

<J)  CO  CO  o  O  O  <7> 

H  H  H  CJ  (N  (N  H 


CM  H  g  *H  H 


(N  H  j  lO  (O  0  8 

in  m  }  co  co  g  o 


g  in  in  8 

8  CM  CM  8 


CO 

in 

U 

u 

\ 

Oi 

0 

o 

rH 

a> 

CM 

o 

CM 

o 

00 

•*# 

in 

*H 

H 

or  or  oc 

u  u  >  or  >  > 

j  a:  <  j  k  <  < 


in  in  in  o  in  co  s 

CM  CM  CM  O  O  O  »H 

CM  CM  CM  CM  CM  CM  CM 


o  o  o  o 

o  o  o  © 

(NN  MN 
in  in  i  j  i 


i  a  o  s 
i  nn  i 


3-0  CM  »-t 

A  A  A  A 


O  H  03  O  O  O  ® 

IN  H  H  ^  O  N  H 

M  (N  (N  tN  IN  N  N 


i/i  in  I  h  n  i  I 

r-j  r-A  |  r-t  t-\  |  | 


o  o  o  o 

©  o  o  o 

in  in  i  H  n  i  t 

mm  i  J  J  i  8 


o  o  9 
CO  co  1 


co  co  co  3  in  wo  O' 
o>  <J>  O'  ®  a>  (N  o 
■H  rN  H  H  M  (N  (N 


CM  O  9  LO  ID  8  9 

in  n  i  n  o  i  o 


lo  in  i 
CM  CM  8 


c  8i 

ID  II  E 

a)  <D  *H  Q> 

lo  -H  is 

D  I  <  (L 


oe  of  a 
u.  u.  >  oc  oc  >  > 
j  dh  <  j  o:  <  < 


TEST  DATA  (Contd.) 


r 


•o 

c 

o 

o 


< 

CJ 

E'¬ 

en 

u 

t- 


•o 

4J 

g 

CJ 


w 

2 

w 

(/) 

2 

a. 

2 

•H 

H 

•O 

§ 

w 

2 

3 

15 


g 

CJ 


a. 

J= 

e 

r- 

CM 

o 

CO 

ao 

lO 

to 

CM 

3 

lO 

O 

CO 

co 

V) 

u 

0) 

CO 

cn 

cn 

o 

cn 

o 

cr> 

rH 

rH 

rH 

rH 

* — 1 

rH 

rH 

o 

£— 

' — 1 

H 

f-i 

CM 

rH 

CN 

rH 

(N 

CM 

CN 

CN 

CM 

CM 

CN 

8. 

o 

m 

O 

o 

O 

O 

O 

O 

O 

• 

• 

• 

• 

• 

• 

• 

• 

c 

ro 

» 

•H 

rH 

1 

1 

CD 

lD 

1 

CO 

CO 

1 

1 

1 

« 

M 

< — \ 

> — 1 

l 

H 

» 

1 

rH 

rH 

1 

rH 

rH 

1 

« 

H 

CO 

CO 

lO 

CO 

CJj 

u> 

lO 

CM 

V 

O 

or 

e 

N 

cn 

O 

1 

rH 

r- 

•  *H 

<u 

o 

lD 

O 

o 

CM 

cn 

o 

O 

O 

o 

u 

*H 

if) 

H 

• 

• 

• 

• 

rH 

3 

’  • 

• 

» 

'  • 

■ 

cn 

\ 

P. 

It 

CO 

I 

rH 

rH 

1 

» 

V 

CD 

un 

co 

CO 

1 

I 

H 

CD 

r?J 

lO 

lD 

I 

it 

3 

1 

1 

CD 

JO 

LO 

1 

rt 

3 

1 

g 


m 

c. 

«. 

8\ 

V 

2 

3 

•M 

C 

2 

<u 

> 

m 

a, 

•o 

a> 

w 

■rt 

> 

2 


CJ 


a 

U 

CM 

n 

cn 

3 

o 

cm  n 

CM 

CM 

r- 

ID 

C" 

0 

o 

in 

CM 

CO 

CO 

CO 

ro  co 

CO 

3 

co 

uo 

CN 

M 

CM 

CM 

CM 

CM 

CM 

CM  CM 

CM 

CM 

CM 

CM 

CN 

o 

lO 

o 

o 

in 

O 

O 

O 

UO 

• 

• 

• 

• 

• 

• 

• 

• 

c 

CM 

CN 

1 

CO 

cn 

1  1 

3 

CO 

1 

o 

o 

M 

rH 

H 

I 

1  1 

*H 

rH 

1 

rH 

•H 

co 

co 

UD 

cn 

a 

ID 

in 

CO 

V 

cn 

E 

\ 

co 

1 

rH 

H 

or 

o 

in 

O 

o 

in 

CM 

lO 

O 

o 

o 

n 

CJ 

rH 

*H 

f- 

• 

• 

• 

• 

rH 

H 

• 

• 

• 

X 

10 

CM 

CM 

1 

CO 

cn 

1  1 

1  1 

X 

1 

3 

CO 

1 

£ 

o 

(D 

C X 

T13 

in 

in 

1 

CO 

co 

ID 

in 

in 

1 

3 

C* 

U 

o 

o 

o 

o 

o 

o 

O 

O 

03 

• 

• 

• 

• 

• 

'  » 

• 

• 

4-» 

o 

o 

1 

o 

o 

1  1 

o 

o 

o 

o 

CO 

It 

3 

1 

CO 

CO 

1  1 

...  3 

3 

ro 

CO 

CO 

3 

rH 

CM 

CO 

3 

rH 

CM 

1 

1 

1 

1 

1 

| 

1 

1 

CJ 

CJ 

CJ 

CJ 

cj 

CJ 

CJ 

CJ 

I  I 


O  O 


o  o 
J”  J- 


o  o 


o  o 


o  o 


o  o 

ro  co 


O  O  5  o  o  ! 

3  3  *  co  ro  1 


3 

I 

a 


CM  H 


It  CO 

<4  A 


OJ  >-t 

I  I 

a  cj 


U.  L. 

&  fL 

CD  CO 


U.  U- 
o  o 
3-  r~ 

co  cn 


o- 

3 

0 

t. 

c 


o 

JC, 

o 

> 


to 

a 


o 

<D 

4-» 

m 

HJ 

a 

r  Q 

o 

D. 

a. 

4-* 

c 

c. 

3 

O 

•M 

£ 

c. 

+-» 

4-» 

C 

0 

ro 

0 

•M 

4J 

C 

0 

03 

a 

d 

0) 

t* 

ro 

C 

C 

a) 

Cl 

o 

CO 

a) 

E 

u~ 

CL 

cs- 

cn 

O 

E 

u. 

or 

c 

<y 

•H 

a) 

• 

• 

• 

<J)  <D 

•H 

0) 

• 

• 

• 

rH 

> 

or 

ti; 

or 

iJ  H 

»o 

> 

t*r 

cc 

or 

•H 

E 

ro 

1.-  o.  > 

cr: 

(X 

> 

> 

.H 

E 

03 

C*-  M 

>  C' 

> 

> 

•T" 

<r 

CL 

J  ri  '  < 

*J 

cc 

<r 

Cj 

< 

a. 

^J  fV 

CO  00  CO  L0  10  LO  CM 
CM  CM  CM  CM  CM  CM  CM 


CO 

10  t~~ 

CO  V,  00 

I  r>  of 
ohm 


, .  o  in  o  in 

^  I  *  *  i  *  *  i  i 

r,  I  m  m  o  o 

1 — l !  H  H  *  H  >- 1  I  I 


in  cm  | 
in  m  * 


♦J 

k 

O  O 

o 

o 

fTJ 

•  • 

• 

• 

4-* 

o  o 

30 

o 

CO 

=r  * 

CO 

CO  3 

♦H 

CM 

1 

1  1 

1 

CJ  w 

CJ 

CJ 

a 

t*-£  C'comcr>inr-ir> 

O  0)  'HCOCMOOO'H 

H  CM  CM  CM  CM  CM  CM  CM 


CO  m  J  rH  CM 
H  rl  1  H  r) 


CO 

10  C" 
r-i  ^  CO 

»  r~  co 

CJ  *H  i/> 


§1 

OClfl)  O  O 


n  in  |  H  cm  •  • 
in  m  •  ^  j  I  l 


o  o  •  o  o  !  < 

3  of  •  CO  CO  •  * 


*  CO  CM  rH 

4  4  4  4 


•O  > 

s  2 


u.  u, 
o  o 
10  CM 
r»  cr> 


H 

col  CO 


O 

4-J 

(0 

4-* 

V 

c 

• — 1 

c 

a> 

a 

V) 

a? 

t 

•H 

a 

<V 

•H 

a> 

sz 

4-» 

> 

0) 

03 

•H 

E 

fC 

> 

O 

< 

a. 

,  ,  or  or  or 

I—  U.  >  ft.  00  >  > 

*J  o :<  jk  << 


Best  Available  Copy 


PINAL  RLPQRT 
Project  20-1-110 

Appendix  A  -  "Ride"  S  uuy 
and 

Appendix  B  -  Shallow  Hud  Traction 


July  1963 


Nevada  Automotive  Teat  Center 
A  D.'.vlaon  of  Hodges  Transportation  Inc. 
Box  234  Cara  on  City,  Nevada 


APPENDIX  A 
FINAL  REPORT 
Project  20-1-110 

Comparison  of  Vehicle  nRide” 
as  Influenced  By  Vehicle  Configuration 
and  Tire  Design 


July  1963 


Nevada  Automotive  Test  Center 
A  Division  of  Hodges  Transportation  Inc. 
Box  234  Carson  City,  Nevada 


3est  Available  Copy 


l»I  a  A 

PI  MAI,  RJIPDRT 
Protect  20-1-  1 1 J 


This  Photograph  shows  the  Pecnr.  ina  .in.:  Measui'oren t 
equipment  Necessary  t  >  ( on duct  this  "Hide"  P.tuuy. 


1.  (General  K.idio  Model  VhlA  Vibration,  Displacement  and 
Velocity  Meter. 

2.  Pi.inbome  .trip  Chart  Recorder  (not  used  during  test  due 
to  the  forces  actinp  an  the  roc>rdini’  system  and  absence 

of  suitable  mount;  the  n- f  or*; ,  visual  readings  were  recorded 
directly  from  the  vibration  meter). 

J.  "Lock-on"  ilelnwt  with  Vibration  Meter  Pickun  used  in 
neasurinr  drivers'  reaction  to  ride. 

4.  Vibration  Meter  Pickup  uJed  in  measuring  vehicles'  reaction 
to  ride. 

b.  tadia  Rod  used  in  meisurinp  course  profile, 
fa.  Transit  used  in  conjunction  with  Mtadia  Rod. 

7.  Notebook  of  instrument  manuals. 


APPCNDIX  A 


HISTORY 

Shortly  after  the  inception  of  the  tire  tread  wear  and  durability 
evaluation,  Project  20-1-110,  it  became  obvious  that  the  "ride”  severity  of 
the  "test  bed"  Model  "C"  Tournapull  on  the  pavement,  secondary  and  cross¬ 
country  courses  was  limiting  the  desired  vehicle  speed.,  Adjustment  of  test 
tire  inflation  pressures  was  made  to  improve  pavement  "ride",  but  by  necessity 
secondary  and  cross-country  terrain  was  negotiated  at  the  pressure  establish¬ 
ed  as  the  most  reasonable  optimum  for  pavements 


The  tire  manufacturers'  representatives  and  the  vehicle  manufacturer’s 
representative  had  previously  observed  certain  "ride"  characteristics  of 
the  ATAC  "Goer"  Tanker  unit  which  were  influenced  differently  by  the  performance 
of  non-directional  radial  ply  tires  (Group  B)  when  compared  with  the  directional 
conventional  construction  tires  (Group  A).  These  observed  differences  were  not 
confirmed  by  the  performance  of  the  Model  "C"  Tournapull  "test  beds"  mounted 
on  similar  tires.  The  seriousness  of  the  Model  "C"  Toumapull’s  "ride"  problem 
was  climaxed  by  the  failure  of  the  paved  test  course.  Route  #1,  due  in  part 
to  the  high  dynamic  loads  imposed  by  the  tires  during  periods  of  random  cyclic 
excitation  which  developed  progressively  larger  areas  of  pavement  deterioratioa 

The  secondary  road  courses  also  suffered  under  these  dynamic  loads  but 
the  absence  of  public  traffic  on  these  roads  provided  the  operators  a  certain 
latitude  in  avoiding  known  exciters. 

On  pavement  the  most  sensitive  tires  in  terms  of  "lope"  generation 
were  the  non-directional  radial  ply.  Group  B.  On  secondary  road  surfaces  the 
Group  B  tires  were  difficult  to  excite,  but  once  excited,  rate  of  decay  was 
exceptionally  slow  compared  with  the  directional  conventional  tires  (Groups 
A  and  C)„  In  cross-country  the  non-directional  radial  ply  Group  B  tires  could 
negotiate  "rough"  single  impacts  at  a  higher  rate  of  speed  than  Groups  A  or  C, 
but  if  a  combination  of  three  or  more  closely  spaced  impacts  dias  present,  the 
Group  B  tires  would  achieve  a  compound  amplitude  quickly  reaching  the  intolerable 
limit  for  both  driver  and  vehicle.  Hie  Group  A  and  C,  on  the  contrary,  would 
transmit  a  higher  initial  "jerk"  force  but  would  require  a  considerably  greater 
number  of  closely  spaced  impacts  before  an  intolerable  compound  reaction  resulted 

As  the  Group  A  and  C  tires  became  severely  worn  and  the  directional 
tread  elements  were  significantly  reduced,  the  operator's  subjective  "ride" 
experience  improved,  whereas  the  Group  B  tires  reacted  essentially  without 
change  throughout  the  test. 
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TEST  flam 


Establishing  the  cause  of  the  adverse  "ride"  reaction  of  the  non- 
directional  radial  ply  (Group  B)  tires  required  a  subjective  "ride"  comparison 
of  the  non-directionql  radial  ply  tires  (Group  F)  originally  used  on  the  "Goer" 
Tanker.  At  the  conclusion  of  the  tire  tread  wear  and  durability  study  a  set 
of  Group  F  tires  formerly  applied  to  the  "Goer"  Tanker  were  mounted  on  one  of 
the  Model  "C"  Tournapull  "test  beds".  Although  a  direct  comparison  with  the 
Group  B  tires  was  impossible,  a  complete  lap  of  each  test  course  with  the 
Group  F  tires  indicated  little,  if  any,  change  in  the  operator’s  subjective 
"ride"  experience.  This  comparative  evaluation,  however  crude,  identified 
Groups  B  and  F  as  developing  similar  ride  characteristics;  consequently , 
this  process  of  elimination  suggested  a  significant  difference  in  the  "ride" 
reaction  of  the  "Goer"  Tanker  compared  with  the  Model  "C"  Tournapull  "test 
beds".  To  permit  a  dimensional  analysis  of  the  "ride"  differences  between 
"Goer"  and  Model  "C"  Tournapull,  all  comparative  "ride"  reactions  were 
determined  by  measurements  expressed  in  terms  of  a  "ride"  index  value. 


Each  test  course  was  carefully  surveyed  for  particularly  significant 
sections  which  would  sunport  high  density  test  use  without  change.  Upon 
location  of  the  test  course  the  Group  F  and  the  Group  A  tires  at  two  different 
inflation  pressures  were  used  to  establish  a  constant  test  speed  based  on 
subjective  reaction  while  the  vibration  meter  simultaneously  identified  the 
significant  exciters  and  the  area  of  maximum  effect.  The  inflation  pressures 
selected  for  the  "Ride"  Study  were  a  compromise  based  on  different  pressure 
build-up  rates  for  t lie  various  tires  tested  as  well  as  different  build-up  rates 
for  cross-country  and  pavement-secondary  operation.  The  selection  of  50  psier 
front  and  40  psig  rear  represented  a  mean  pressure  build-up  for  pavement  and 
secondary  roads  from  a  cold  starting  pressure  of  35-40  psig  front  and  25-30 
psig  rear.  The  selection  of  40  psig  front  and  30  psig  rear  for  all  three  "ride" 
test  courses  represented  a  mean  pressure  build-up  for  pavement  and  secondary 
roads  from  a  cold  starting  pressure  of  25-30  psig  front  and  18-23  psig  rear, 
and  for  cross-country  a  cold  starting  pressure  of  30-35  psig  front  and  20-25 
psig  rear. 


A  "Goer"  Tanker  was  available  for  this  comparative  "ride"  study  and  was 
loaded  with  sufficient  liquid  ballast  to  provide  a  "Goer"  GW  equal  to  its 
rated  GV.J  with  a  5,000  gallon  gasoline  load  (71820#).  The  Model  "C"  Tournapull 
was  loaded  at  a  comparable  weight  and  weight  distribution. 

Two  test  areas  on  pavement,  one  "smooth"  and  one  "rough";  three  test 
areas  on  secondary,  one  which  was  visually  "smooth"  but  generated  a  signif¬ 
icant  Model  "C"  Tournapull  "lope",  one  "smooth"  and  one  "rough";  and  one  test 
area  in  cross-country  identified  as  "rough"  represented  six  significantly 
different  surface  conditions,  five  of  which  were  negotiated  at  two  inflation 
pressures,  while  the  sixth  was  the  single  cross-country  area  to  be  negotiated 
at  only  one  inflation  pressure. 
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CONCLUSIONS 


The  "Coer"  Tanker  at  rated  load  provides  a  significantly  better  "ride" 
than  the  Model  "C"  Tournapull  on  rough  pavement  and  secondary  road  surfaces 
regardless  of  tire  influence. 

In  cross-country  terrain  both  vehicles  are  sharply  sensitive  to  tire 
differences;  specifically,  the  "Goer"  equipped  with  radial  ply  non-directional 
tires  is  equally  as  good  as  the  Model  "C"  Tournapull  equipped  with  directional 
conventional  tires.  Inversely  when  the  tire  grouos  are  reversed,  the  "ride" 
of  both  vehicles  is  equally  severe. 


The  natural  frequency  of  both  vehicles  is  sensitive  to  the  type  of  tires 
applied.  On  the  Model  "C"  Tournapull  "test  bed"  the  directional  conventional 
tires  (Group  A  develop  2.15  cycles  per  second;  the  non-directional  radial  ply 
tires  (Group  r)  develop  1.73-1.80  cycles  per  second;  the  non-directional  con¬ 
ventional  construction  tires  (Group  D)  develop  2.00-2.16  cycles  per  second; 
and  directional  radial  ply  tires  (Group  E)  develop  1.80  cycles  per  second  at 
50-40  psig  front  and  40-30  psig  rear.  At  30  psig  front  and  20  psig  rear  the 
natural  frequency  is  reduced  to  1.50  cycles  per  second  for  Groups  F  and  E 
and  1.80  for  Group  D. 


When  the  Group  A  is  applied  to  the  "Goor"  the  natural  frequency  at  50-40 
psig  front  and  40-30  psig  rear  is  reduced  from  1.80  cycles  per  second  to  1,67- 
1.70  cycles  per  second.  Under  the  same  conditions  the  Group  F  natural  frequency 
is  reduced  from  1.80  cycles  per  second  to  1.70  cycles  per  second. 

Under  the  eleven  test  conditions  established  for  the  "ride"  study  the 
"Goer"  vehicle  equipped  with  the  directional  conventional  tires  (Group  A) 
exceeded  the  human  fatigue  limit  (Ride  Index  0,89)  on  three  conditions  and 
the  vehicle  fatigue  limit  (Ride  Index  1.91)  on  one  of  these  three  conditions. 

The  "Goer"  vehicle  equipped  with  the  non-directional  radial  ply  tires  (Group  F) 
exceeded  the  human  and  vehicle  fatigue  limit  in  cross-country  only. 


A  similar  comparison  of  the  influence  of  tire  groups  on  the  Model  "C" 
Tournapull  found  the  Group  A  tires  exceeding  the  human  fatigue  limit  on  five 
conditions  of  which  two  exceeded  the  vehicle  fatigue  limit  and  the  Group  F 
tires  exceeding  the  human  fatigue  limit  on  six  conditions  of  which  three 
exceeded  the  vehicle  fatigue  limit. 


The  non-directional  conventional  tire3  (Group  D)  and  the  directional 
radial  ply  tires  (Group  E)  were  only  evaluated  on  the  Model  "C"  Tournapull. 
The  Group  D  tires  exceeded  the  human  fatigue  limit  on  seven  of  the  eleven 
conditions  of  which  four  exceeded  the  vehicle  fatigue  limit.  The  Group  E 
tires  exceeded  the  human  fatigue  limit  on  four  of  the  eleven  conditions  of 
which  three  exceeded  the  vehicle  fatigue  limit. 
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CONCLUSIONS  (Contd.) 


The  subjective  "ride"  impressions  of  operators  during  the  tread  wear 
and  durability  study  as  well  as  the  operator  during  the  "ride"  study  confirmed 
the  measured  results  in  terms  of  "good"  and  "bad"  but  without  any  apparent  "feel 
for  degree  of  severity  once  "bad"  was  reached. 


At  the  beginning  of  the  "ride"  study  it  was  necessary  to  evaluate  a 
subjective  "ride"  impression  expressed  by  the  Model  "C"  Tournapull  operators 
that  one  particular  type  of  seat  cushion  was  the  most  comfortable.  By 
measuring  the  operator's  displacement  as  influenced  by  the  seat  cushion, 
it  was  determined  that  the  reduced  depth  cushion  was  more  comfortable  and 
provided  less  amplification  of  input  displacement  than  the  deep  cushion, 
consequently  the  shallow  cushion  was  used  throughout  the  "ride"  study. 

The  non-directional  conventional  construction  tires  (Group  D)  required 
a  speed  reduction  of  0.6  miles  per  hour  on  the  rough  pavement  condition  and 
1.6  miles  per  hour  on  the  rough  secondary  road  condition  due  to  the  violent 
reaction  of  the  Model  "C"  Tournapull  at  the  pre-established  test  speed. 


When  driver  "ride"  measurements  are  compared  with  Model  "C"  Tournapull 
"ride"  measurements  under  identical  conditions,  we  find  the  driver  generally 
suffers  a  proportionately  greater  increase  in  amplitude  with  increased  input 
severity. 


Where  significant  exciters  exist,  a  small  increase  in  vehicle  speed 
(i.e.,  1.2  MPH)  amplifies  Model  "C"  Tournapull  "ride"  reaction  as  much  as 
six  times  for  the  Group  D  tires,  four  times  for  the  Group  F  tires  and  three 
times  for  the  Group  E  tires.  The  Group  A  tires  on  the  "Goer"  indicated  no 
significant  increase  under  the  same  conditions. 


TEST  RESULTS 


Measured  "Ride11  Reaction 

The  results  of  this  study  are  piven  on  the  following  pages  in  tabular 
and  graph  form. 

Table  I  summarizes  the  result  of  the  "Ride"  Study  comparing  tire  group 
performance  in  terms  of  vehicle  "ride"  index  values.  A  "ride"  index  value  of 
0.89  is  defined  as  being  the  acceptable  limit  of  human  fatigue  for  continuous 
operation. 

Table  II  summarizes  the  result  of  the  "Ride"  Study  comparing  the 
performance  of  the  Model  "C"  Toumapull  with  the  "Goer"  Tanker,  in  terms  of 
vehicle  "Ride"  index  value.  A  "ride"  index  of  1.91  is  defined  as  being  the 
acceptable  limit  of  vehicle  fatigue  for  continuous  operation  (approximately 
0.8  to  0.9  G).  (See  GRAPH  LEGEND,  Figures  1  and  2). 

Figure  1  illustrates  the  "ride"  comparison  on  pavement  of  each  tire  group 
on  the  Model  "C"  Tournapull  at  two  inflation  pressures. 


Figure  2  illustrates  the  "ride"  comparison  on  pavement  of  the  "Goer" 
versus  the  Model  "C"  Toumapull  with  Group  A  and  F  tires  at  two  inflation 
pressures. 


Tigure  3  illustrates  the  "ride"  comparison  of  eich  tire  group  on  the 
Model  "C"  Tournapull  at  two  inflation  pressures  under  three  conditions  of 
secondary  road  surfaces. 

Fipure  4  illustrates  the  "ride"  comparison  under  three  conditions  of 
secondary  road  surfaces  of  the  "Goer"  versus  the  Model  "C"  Toumapull  vehicle 
with  Group  A  and  F  tires  at  two  inflation  pressures. 

Figure  b  illustrates  the  "ride"  comparison  of  the  Model  "C"  Toumapull 
versus  driver  reaction  under  three  conditions  of  secondary  road  surfaces  on 
Group  T  and  D  tires  at  two  inflation  pressures. 

Fipure  6  illustrates  the  same  conditions  as  Figure  5  but  with  Group  A 
and  E  tires. 


Figure  7  illustrates  the  "ride"  comparison  of  driver  on  deep  versus  shallow 
seat  cushion  under  three  conditions  of  secondary  road  surfaces  using  Group  D 
tires  on  the  Model  "C"  Tournapull  at  one  inflation  pressure. 


5- 


■  .  (  <  <iru  d.  ) 


Measure.;  "Hiwu"  He  jet  i  on  (Contd..  ) 


riiMrt-  “  illustrate;.  the  "ride"  connarison  on  cross-country  as  influenced 
tiy  in.'  vehicles  .is  well  .is  the  tires  .it  one  inflation  pressure. 


r i cure  )  Illustrates  the  "rule"  comparison  of  Croups  D,  E  and  T  undar 
two  condition,  of  uvenunt  at  two  test  speeds  on  the  Model  "C"  Toumapull  and 
the  (rcu  -  A  tiros  nn  the  “Coar"  vohlrlo  at  one  inflation  pressure. 
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Vo  hi  tie  "Ride"  Indices 


Vehicle 

Mode  i 

Tournapull 

"Coer"  Tanker 

Tire  Group 

A 

A 

Condition 

Inflation,  Tront,  psig 

40 

50 

40 

50 

40 

50 

40 

50 

Inflation,  Rear,  psig 

30 

40 

30 

40 
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Comparison  of  Mean  Vehicle  " 
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Goer  40-30  psig 
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0.64 
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0.53 
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"t"  Pull  'J  40-30  psig 
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— 

"C"  Pull  a  50-40  psig 
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0.95 
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1.31 
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Underlined  value*  are  in  excess  of  acceptable  human  fatigue  limits  for  continuous 
operation. 

(*)  Asterisxed  values  are  in  excess  of  acceptable  num.in  rind  vehicle  fatigue  limits 
for  continuous  <jper.it  ion. 
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GRAPH 


LUG  I'.  N  D 


Figures  1  and  2 
Speeds  2706  Miles  Per  Hour 


- -  Description 

40-50  *  50  PSI  Front  Tires 

40  PSI  Rear  Tires 


40-30  =40  PSI  Front  Tires 

30  PSI  Rear  Tires 


Condo  1  -  Smooth  Road 


Condo  2  =  Rough  Road 


*>-<=<==  "Human  Limit"  =  Acceptable  "Human"  Continuous  Fatigue 

Limit  of  o  89*  (Ride  Index) 


"Vehicle  Limit"  *  Acceptable  Vehicle  Continuous  Fatigue 

Limit  of  1» 91  (Ride  Index)  as  Interpreted 
from  Goldman's  "Intolerable"  Limit* 

Ride  Ind^x  -  Di snlacffiont  (inches)  X  ^recuenrv  (cvcles 

nor  second ) 


Notes  Speed  reduced  to  2  7„0  MPM  on  D  Group ,  Condition  2,  due  to  0 
Group's  adverse  re act i on 0 

*  Goldman s  Do  Co B  A  Review  of  Subjective  Responses  to  Vibratory  Motion 
of  the  Human  Body  in  the  Frequency  Range  1  to  70  Cycles  per  Second 
Report  Noo  1,  Project  NM  004001,  Naval  Medical  Research  Institute, 
March  16,  194B0 


CRAP  H 


L  C  C  [  N  D 


Figures  5  and  6 
Speed:  22.6  Miles  Per  Hour 


_ _ Description  _ _ 

Vehicle  Reaction-40  RSI  Front  Tires 
30  PSI  Rear  Tires 


Driver  React  ion-40  PSI  Front  Tires 
30  PSI  Rear  Tires 


Vehicle  Reaction-50  PSI  Front  Tires 
40  PSI  Rear  Tires 


Driver  Reaction-50  PSI  Front  Tires 
40  PSI  Rear  Tires 


Cond.  1  =  100  Toot  Smooth  Ro  id  Section  Actinr 

as  Lope  Generator 


Cond,  2  =  100  Foot  Smooth  Road  Section 

Cond.  3  =  100  Foot  Road  Section  with  Three  Shallow 

Exciters  Followed  by  a  Smooth  Road  Section 

— --  "Human  Limit"  =  Acceptable  "Hunan"  Continuous  Tati rue  Limit 

of  .89“  (Ride  Index) 


"Vehicle  Limit"  =  Acceptable  Vehicle  Continuous  Fatigue 

Limit  of  1.91  (Ride  Index)  as  Interpreted 
from  Goldman's  "Intolerable"  Limit* 

Note:  All  #3  Conditions  are  at  21,0  MFH  or  1.6  MPH  below  snecified 

speed  due  to  D  Croup's  adverse  reaction. 

*  Goldman,  D.E.,  A  Review  of  Subjective  Responses  to  Vibratory  Motion 
of  the  Human  Hedy  in  the  Frequency  Ran re  1  to  70  Cycles  per  Second 
Report  No.  1,  Pro ;ect  NM  004001,  Naval  Medical  Research  Institute, 
March  Lb,  1948, 


0  R  A  P  ,1 


l  i:  r  l  n  d 


figure  7 

Speed:  22.6  Miles  Par  Hour 

40  PS  I  front,  30  PS  I  Rear 


Description 

100  Toot  Smooth  Road  Section  Acting  as 
Lope  (Generator 


Cond.  2 


100  foot  Smooth  Road  Section 


Cond.  3 


100  Toot  Road  Section  with  Three  Shallow 
Exciters  followed  by  a  Smooth  Road  Section 


"Human  Limit"  *  Acceptable  "Human"  Continuous  fatigue 

Limit  of  .09*  (Ride  Index) 


"Vehicle  Limit"  *  .  cceptable  Vehicle  Continuous  Tatigue 

Limit  of  1.91  (Ride  Index)  as  Interpreted 
from  Goldman's  "Intolerable"  Limit* 


Motet  All  #3  Conditions  are  at  21.0  MPH  or  1.6  MPH  below  specified  speed 
due  to  D  Group's  adverse  reaction. 


*  Goldman,  D.E.,  A  Review  of  Subjective  Responses  to  Vibratory  Motion 
of  the  Human  ilody  in  the  frequency  Range  1  to  70  Cycles  per  Second 
Report  No.  1,  Project  NM  004001,  Naval  Medical  Research  Institute, 
March  16,  1948, 
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C  K  A  P  H 


I,  E  n  [  M  D 


Figure  fa 

Speed:  7.4  Miles  Per  Hour 

40  F’.jI  Front ,  30  PSI  Rear 
Course  Involved  3  Depressions  and  3  Lifts 

_  Key  _ _ Description 

-- — -  "Human  Limit"  *  Acceptable  "Human"  Continuous  Fatigue 

Limit  of  .89*  (Ride  Index) 

_  "Vehicle  Limit"  =  Acceptable  Vehicle  Continuous  Tatipue 

Limit  of  1.91  (Ride  Index)  as  Interpreted 
from  Goldman's  "Intolerable"  Limit* 


*  Goldman,  D.E. ,  A  Review  of  Subjective  Responses  to  Vibratory  Motion 
of  the  Human  Body  in  the  Frequency  Range  1  to  70  Cycles  per  Second 
Report  No.  1,  Project  NM  004001,  Naval  Medical  Research  Institute, 
March  16 ,  1948. 


R  R  A  P  H 


L  E  C  L  N  D 


40  PSI  Front,  30  PSI  Rear 


H 

Condo  1  =  Smooth  Road 


Condo  2  =  Rouph  Road 


— -  "Human  Limit"  *  Acceptable  "Human"  Continuous  Fatipue 

Limit  of  .89*  (Ride  Index) 


"Vehicle  Limit"  =  Acceptable  Vehicle  Continuous  Fatipue 

Limit  of  1.91  (Ride  Index)  as  Internreted 
from  Goldman's  "Intolerable"  Limit* 


*  Goldman,  D.E„  ,  A  Review  of  Subjective  Responses  to  Vibratory  Motion 
of  the  Human  Body  in  the  Frequency  Range  1  to  70  Cycles  per  Second 
Report  No.  1,  Project  NM  004001,  Naval  Medical  Research  Institute, 
March  16,  1948. 


TEST  RESULTS  (Contd.  ) 


|  Subjective  "Ride"  Reaction 


The  following  table  reflects  the  operator's  "ride"  impressions  of 
the  two  tire  Groups  D  and  E  which  were  added  to  the  tread  wear  and  durability 
test  and  the  tire  Group  T  which  was  of  similar  construction  and  design  as 
the  Group  B  tires. 


Preference  Pavement  Secondary  Cross-Country 

Driver  #  1  2  3*4  5  6  7  T~2  5  6  7  1  2  3~ "4  5  6  T 


TEST  PROGRAM 


DE  DE  -  DE  DE  --.EE  DE  E  DE  E  -  rE  -  FE  FE  -  FE  FE 
F  F  -  F  F  -  -  DF  DF  r  DF  F  DF  -D--DDDD 


Test  Courses 


Pavement  -  A  portion  of  Nevada  Automotive  Test  Center's 
highway  pavement  test  course  #2  (abandoned  U.S.  Highway  50) 
was  chosen  to  provide  two  test  sections.  Test  section 
ft  1  was  smooth,  whereas  test  section  #2  (See  Road  Profile 
of  Pavement  Test  Section  Figures  #1  and  # 2 )  was  of  rolling 
contour  featuring  two  major  exciters. 


Secondary  -  A  portion  of  Nevada  Automotive  Test  Center's 
secondary  test  course  having  a  compaction  of  300+  PSI 
was  chosen  to  provide  three  test  sections.  Test  section 
#1  was  a  visually  smooth  surface  which  generated  "lope" 
in  the  Model  "C"  Toumapull  units.  Test  section  H2  was 
smooth  surface  creating  no  lope.  Test  section  #3  (See 
Road  Profile  of  Secondary  Test  Section  »/3  Figures  #3  and 
#4)  was  of  rolling  contour  featuring  three  major  exciters. 


Cross-Country  -  A  section  of  Nevada  Automotive  Test  Center's 
cross-country  test  course  was  chosen  as  a  severe  but  not 
extreme  condition.  This  test  section  provided  three 
exciters  (See  Road  Profile  of  Cross-Country  Test  Section 
Figure  #5). 
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TEST  PROGRAM  (Contri.) 


Test  Vehicles 

One  Model  "C"  Tournanull 
One  "Goer"  Tanker  XM438E2 


Test  Tires 

Two  of  the  five  groups  which  ran  on  the  tread  wear  and  durability 
evaluation  (Groups  D  and  C)  were  subjected  to  the  "ride"  study.  The  Groups 
A,  B  and  C  tires  were  not  available  but  a  Group  A  and  a  Group  F  were  substituted 
and  were  of  similar  design  and  construction  as  the  Group  A  and  Group  B  tires. 
Thus  the  following  test  groups  were  subjected  to  the  "ride"  evaluation: 

Group  A,  Conventional  construction  directional  tread. 

Group  D,  Conventional  construction  non-directional  tread. 

Group  E,  Radial  ply  construction  directional  tread. 

Group  F,  Radial  ply  construction  non-directional  tread. 


Test  Procedure 

To  evaluate  comparative  vehicle  "ride"  a  vibration  pickup  location 
common  to  both  Model  "C"  Toumapull  and  the  "Goer"  Tanker  vehicle  was  chosen 
(approximately  on  centerline  and  2  feet  7  inches  ahead  of  the  front  axle). 

An  average  of  two  run3  plus  reruns  as  required  were  made  at  each  inflation 
pressure,  under  each  test  condition,  for  the  three  test  courses,  on  each 
group  of  test  tires. 

To  evaluate  driver  reaction  to  vehicle  "ride”  a  lock-on  helmet  was 
instrumented  with  a  vibration  meter  pickup. 

The  following  schematic  shows  the  location  of  the  Vibration  Meter 
Pickups  relative  to  the  front  axle  position  of  both  the  Model  "C"  Tournapull 
and  the  "Goer"  Tanker  vehicle. 
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APPENDIX  B 


PINAL  REPORT 
Project  20-1-110 

Shallow  Mud  Traction  of 
Tire  Groups  A  and  B  Tyne 


July  1963 


Nevada  Automotive  Test  Center 
A  Division  of  Hodges  Transportation  lnc„ 
Box  234  Carson  City,  Nevada 


Ai'l’i.'i  .  'i  /.  J 

PINAL  Pi  IP  :P.T 

Project  .‘J- 1-1  Id 

i'r>per  Phoior.r'tpn 
Mud  Test  Ap*<» 

Lower  iTiotoprapn 
Mud  Test  Lquir>nent  Convoy 


Best  Available  Copy 


APPENDIX  A 


sir;  tory 

Shortly  after  the  inception  of  the  tire  tread  wear  and  durability 
evaluation,  Project  20-1-110,  it  became  obvious  that  the  "ride"  severity  of 
the  "test  bed"  Model  "C"  Tournapull  on  tne  pavement,  secondary  and  cross¬ 
country  courses  was  limiting  t he  desired  vesicle  speed.  Adjustment  of  test 
tire  inflation  pressures  was  made  to  improve  oavement  "ride",  but  by  necessity 
secondary  and  cross-country  terrain  was  negotiated  at  the  pressure  establish¬ 
ed  as  tne  most  reasonable  optimum  for  pavement. 

The  tire  manufacturers'  representatives  and  the  vehicle  manufacturer's 
representative  had  previously  observed  certain  "ride"  characteristics  of 
the  ATAC  "Goer"  Tanker  unit  which  were  influencea  differently  by  the  performance 
of  non-directional  radial  oly  tires  (Group  B)  when  compared  with  the  directional 
conventional  construction  tires  (Group  A).  These  observed  differences  were  not 
confirmed  by  the  performance  of  tne  Model  "C"  Tournapull  "test  beds"  mounted 
on  similar  tires.  The  seriousness  of  the  Model  "C"  Toumapull's  "ride"  problem 
was  climaxed  by  the  failure  of  the  paved  test  course.  Route  #1,  due  in  part 
to  the  high  dynamic  loads  imposed  by  the  tires  during  periods  of  random  cyclic 
excitation  which  developed  progressively  larger  areas  of  pavement  deterioration. 

The  secondary  road  courses  also  suffered  under  these  dynamic  loads  but 
the  absence  of  public  traffic  on  these  roads  provided  the  operators  a  certain 
latitude  in  avoiding  known  exciters. 

On  pavement  the  most  sensitive  tires  in  terms  of  "lope"  generation 
were  the  non-directional  radial  ply,  Groun  B.  On  secondary  road  surfaces  the 
Group  B  tires  were  difficult  to  excite,  out  once  excited,  rate  of  decay  was 
exceptionally  slow  compared  with  the  directional  conventional  tires  (Groups 
A  and  C),  In  cross-country  the  non-directional  radial  ply  Group  B  tires  could 
negotiate  "rough"  single  impacts  at  a  higher  rate  of  speed  than  Groups  A  or  C, 
but  if  a  combination  of  three  or  more  closely  spaced  impacts  was  present,  the 
Group  B  tires  would  achieve  a  compound  amplitude  quickly  reaching  the  intolerable 
limit  for  both  driver  and  vehicle.  Hie  Group  A  and  C,  on  the  contrary,  would 
transmit  a  higher  initial  "jerk"  force  but  would  require  a  considerably  greater 
number  of  closely  spaced  impacts  before  an  intolerable  compound  reaction  resultec 


As  the  Group  A  and  C  tires  became  severely  worn  and  the  directional 
tread  elements  were  significantly  reduced,  the  operator's  subjective  "ride" 
experience  improved,  whereas  the  Group  B  tires  reacted  essentially  without 
change  throughout  the  test. 


TEST  RESULTS 

Figure  1  indicates  the  maximum  traction  develoned  by  the  two  proups 
tested  at  each  inflation  pressure  under  .investigation.  Also  shown  on  this 
graph  at  two  inflation  pressures  is  a  profile  of  tire  penetration  in  the  test 
track.  From  these  profiles  the  portion  of  the  tread  surface  providing  the 
most  aggressive  traction  is  apparent. 

Tipure  2  illustrates  the  complete  Frouo  A  traction  curve  for  each 
inflation  pressure  tested. 

Fip.ure  3  illustrates  tne  complete  f’roun  F  traction  curve  for  each 
inflation  pressure  tested. 

TEST  PROGRAM 

Test  Course 

A  test  course  area  was  selected  to  provide  hiph  natural 
compaction  affording  minimal  tire  penetration  and  low 
coefficient  of  friction  (.17-.26)  when  wet.  The  character 
of  this  course  may  be  compared  with  wet  crass  matted  slopes. 

Separate  test  courses  were  constructed  and  used  each  day  of 
test  operation.  Each  test  course  was  anproximate ly  6b  feet 
in  length  and  20  feet  in  width. 

Test  Vehicle  and  Dynamometer  Unit 

A  Model  "C"  Toumanull  was  used  as  the  "test  bed"  unit  and 
an  M-34  2  1/2  ton  6x6  venicle,  tuLly  instrumented  for  this 
study,  was  used  as  the  dynamometer  unit. 

Test  Procedure 

With  the  "test  bed"  vehicle  attached  to  the  Emery  Load  Cell 
System  installed  in  the  dynamometer  unit  the  two  vehicles, 

"test  bed"  vehicle  leadinp,  moved  down  the  test  course 
approach  anron  and  stabilized  at  test  speed  with  essentially 
zero  pounds  tractive  force  before  entering  the  mud  pit. 

After  the  "test  bed"  vehicle  nad  entered  the  mud  pit,  the 
dynamometer  vehicle  slowly  applied  a  resisting  force  inducing 
"test  bed"  wheel  slip  until  zero  forward  motion  or  vehicle 
stall  condition  was  achieved  although  the  wheel  speed  of  the 
"test  bed"  vehicle  was  maintained  constant.  Ground  speed  was 
recorded  by  means  of  a  fifth  wheel  instrumented  with  a  Weston 
DC  tachometer  generator.  Two  signals  being  produced  simul¬ 
taneously  (pounds  drawbar  force  and  ground  soeed)  were 
integrated  and  plotted  by  means  of  ilTI  function  plotting 
recorder.  This  provided  a  recording  of  tne  complete  traction 
curve  for  each  run.  An  average  of  six  runs  was  made  at  each 
inflation  nressure  for  each  group  tested. 


-2- 


FIGURE  3 
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DEEP  MUD  TEST 


Discussion 


A  specially  constructed  pit  was  required  in  which  the  depth  of  mud 
was  12  inches*  the  length  of  the  pit  was  220  feet  and  the  width  40  feet. 
The  consistency  of  the  mud  was  maintained  to  a  state  wherein  the  vehicle 
would  become  immobile  before  the  220  feet  distance  was  reached.  The 
evaluation  of  one  tire  versus  the  other  was  made  on  the  basis  of  distance 
traveled  versus  time.  The  vehicle  remained  in  the  same  transmission  gear 
throughout  all  tests,  and  when  it  became  immobile  the  tires  would  spin 
out  and  not  stall  out.  The  test  bed  vehicle  was  such  that  only  the  front 
drive  axle  could  be  usedj  therefore,  throughout  all  tests  the  rear  axle 
was  non-driving  and  the  same  set  of  tires  remained  on  the  rear  axle 
throughout  all  tests.  Experiments  were  conducted  in  respect  to  what 
effect  inflation  would  have,  and  since  there  was  no  effect,  all  tests 
were  conducted  at  a  standard  setting  of  40  psi  per  tire.  The  depth  of 
mud  was  determined  to  be  the  maximum  allowable  depth  without  high 
centering  the  vehicle.  Inasmuch  as  no  torque  was  transmitted  to  the  rear 
axle,  it  was  observed  throughout  each  test  that  these  tires  would  slide 
and  in  turn  build  up  a  large  quantity  of  mud  directly  in  front  of  each 
wheel.  By  the  resistance  created  at  this  point,  it  increased  the  drag 
on  the  vehicle  and  in  turn  the  front  driving  tires  were  called  upon  to 
do  more  work  than  would  be  expected  if  both  axles  were  driving. 

Therefore,  these  tests  are  only  a  comparative  type  test  of  the  three 
experimental  groups  as  compared  with  the  control  group.  By  reviewing 
the  attached  data  it  will  be  noticed  that  the  control  tires,  along  with 
the  experimental  tires,  have  operated  through  the  pit  a  total  of  three 
runs  each,  alternating  from  the  control  to  the  experimental,  etc.  After 
each  run,  the  pit  was  floated  down  with  a  leveling  device. 

Due  to  a  test  bed  vehicle  breakdown,  we  were  unable  to  compare  the 
Ground  Grip  Directional  Grooved  Lugs. 
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1.  41  Sec.  98' 10" 

3.  42  Sec.  101'  3" 

5.  43  Sec.  94' 10" 

Total.. 126  Sec.  294' 11" 

Average.. 42  Sec.  98'  3" 
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'  '257' 11" 

Average* *55.6  Sec* 

85' 11" 

100 

ND-OC  GOER 

lime 

Distance 

Ratina 

2 .  26  Sec . 

48’  3" 
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48'  7" 
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144'  1" 
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48' 

56 
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APPENDIX 


Abbreviations  and  Symbols 
Glossary  of  Trade  Names 


Deflection  Sheets 


APPENDIX  I 


°C 

°F 

FR-S 

i-n 

lb 

NR 

psi 


ABBREVIATIONS  AND  SYMBOLS 

Degrees  Centigrade 

Degrees  Fahrenheit 

Firestone  Rubber  -  Synthetic 
(styrene-butadiene  type) 

Inches 

Pounds 

Natural  Rubber 
Pounds  per  square  inch 
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Earthmoving  tires  were  specifically  developed  for  use  on  the  GOER 
vehicle.  This  development  work  induced  che  desiqn  of  various  tread 
configurations  and  use  of  maximum  feasib’v  synthetic  content.  Tires 
were  produced  in  three  different  tread  denigr?,  t.id  two  different 
levels  of  synthetic  content.  These  tires  were  than  tested  for  running 
temperature,  traction,  and  mobility.  Durability  tests  of  40%  highway, 
40%  secondary  roads,  and  20%  cross  country  were  conducted.  These  tests 
showed  that  tiros  could  be  produced  to  provide  at  least  15,000  miles 
without  any  premature  failures  for  this  type  of  service. 

These  tires  are  more  suited  to  the  requirements  of  the  GOER  Vehicle 
than  any  commercially  available  tire.  The  major  areas  of  improvement 
includes  the  capacity  for  continuous  highway  operation  and  improved 
performance  in  mud. 
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